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Preface 

The TLCS 900 microcontroller family of products is described in 
the following documents: 

TLCS 900 Series CPU Architecture 

The TLCS 900 user manual describes the 16-bit micro¬ 
controller TLCS 900 series system architecture. The scope of 
this document includes common topics to all derivitives of this 
family of products, such as CPU core operating modes, regis¬ 
ter organization, addressing modes, instruction set, timings 
and differences between the TLCS 90 and TLCS 900 series. 

In addition, several databooks are available that cover the 
device specific topics such as package specifications and 
electrical characteristics. Depending on the TLCS 900 LSI 
device selected, the appropriate databook should be used in 
conjunction with the user manual. At the time of print, the fol¬ 
lowing data books are available: 


TLCS 900 MCU Series (1) 

describes: TMP96C041AF 

TMP96CM40F 
TMP96PM40F 
TMP96C031N/F 
TMP96C081F 


TLCS 900/L MCU Series (2) 

describes: TMP93M40F 

TMP93M40AF 
TMP93M41F 
TMP93M41AF 
TMP96CS40F 
TMP96PS40F 


TLCS 900/H MCU Series (3) 

describes: TMP95C061F 
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TOSHIBA 


TMP96C141AF 


CMOS 16-bit Microcontroller 
TMP96C141AF 

1. Outline and Device Characteristics 

TheTMP96C141AF is high-speed advanced 16-bit microcon¬ 
troller developed for controlling medium to large-scale equip¬ 
ment. 

The TMP96C141AF is housed in an 80-pin flat package. 
Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 

• General-purpose registers and register bank system 

• 16-bit multiplication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 

- 4 channels (1.6|xs/2 bytes @ 20MHz) 

(2) Minimum instruction execution time 

- 200ns @ 20MHz 

(3) Internal RAM: 1K byte 


Internal ROM: None 

(4) External memory expansion 

• Can be expanded up to 16M bytes (for both programs and 
data). 

• Can mix 8- and 16-bit external data buses. 

" Dynamic data bus sizing 

(5) 8-bit timers: 2 channels 

(6) 8-bit PWM timers: 2 channels 

(7) 16-bit timers: 2 channels 

(8) Pattern generators: 4 bits, 2 channels 

(9) Serial interface: 2 channels 

(10) 10-bit A/D converter: 4 channels 

(11) Watchdog timer 

(12) Chip select/wait controller: 3 blocks 

(13) Interrupt functions 

• 3 CPU interrupts.SWI instruction, privileged violation, 

and Illegal instruction 

• 14 internal interrupts 

• 6 external interrupts 

(14) I/O ports 

(15) Standby function 


_I I -levtJi piiuniy ucu i ue t>ei. 

: 3 halt modes (RUN, IDLE, STOP) 
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TLCS-900 16-bit Microcontroller 


(ANO) P50 - 
(AND P51 - 
(AN2) P52 - 
{AN3) P53 - 
VREF - 
AGND- 


(TXDO) P90 * 
( RXDO ) P91 ' 
(CTSO) P92 - 

{TXDDP93' 
{RXDDP94- 
(SCLKD P95- 


(PG 00) P60 
(PG0DP61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 11)P65 
(PG 12) P66 
(PG 13) P67 


(TIO) P70- 

(T01)P71- 

(T02) P72^ 

(T03) P73- 


(INT4/TI4) P80- 
(INT5/TI5) P81 - 
(T04) P82- 
(T05) P83- 

(INT6/TI6) P84- 
(INT7/TI7) P85- 
(T06)P86- 

(INTO) P87- 


10-BIT 4CH 
A/D 

CONVERTER 


SERIAL I/O 
(CH.O) 


SERIAL I/O 
(CH.I) 


PATTERN 

GENERATOR 

(CH.O) 


PATTERN 

GENERATOR 

(CH.I) 


8BIT TIMER 
(TIMER 0) 


8BIT TIMER 
(TIMER 1) 


88 IT PWM 
(TIMER 2) 


8BIT PWM 
(TIMER 3) 


16BIT TIMER 
(TIMER 4) 


16BIT TIMER 
(TIMER 5) 



w 

A 


_i_ 



JL 

JL 


H 



IX 


lY 


IZ 


SP 


- 32 bit — 

sr PTfI 
. P .. C . -J 


32KB ROM 
(TMP96CM40) 


32KB PROM 
(TMP96PM40) 


INTERRUPT - 
CONTROLLER 


WATCH-DOG 

TIMER 


CS/WAIT 

CONTROLLER]- 

{3-BLOCK) 


-VCC{2] 
- VSS [3] 


■ RESET 
• ALE 


-P00~P07 

(AD0~AD7) 


-P10~P17 

(AD8-AD15/A8~A15) 


-P20~P27 

(A0-A7/A16-A23) 



"P40( CS0/CAS0 ) 

"P41( CS1 / CAS1 ) 

►P42(CS2/CAS2) 


Figure 1. TMP96C141AF Block Diagram 
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TLCS-900 16-bit Microcontroller 


TMP96C141AF 


2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96C141AF, their Figure 2.1 shows pin assignment of TMP96C141AF. 
name and outline functions are described below. 


(AN0)P50 

(AN1)P51 

(AN2)P52 

(AN3)P53 

VCC 

VREF 

AGND 

VSS 

(PG00)P60 

(PG01)P61 

(PG02)P62 

(PG03)P63 

(PG10)P64 

(PG11)P65 

(PG12)P66 

(PG13)P67 

(TI0)P70 

(T01)P71 

{T02)P72 

(T03)P73 

(INT4/ri4)P80 

(INT5/TI5)P81 

(T04)P82 

(T05)P83 

(INT6/TI6)P84 

(INT7/TI7)P85 

(T06)P86 

(INT0)P87 

NMi 


WDTOUT 

RESET 

CLK 

VSS 

XI 

)« 

EA 

(TXD0)P90 

( RXD0 )P91 

{CTS0)P92 

(TXD1)P93 


ih: 

2-t; 

3h: 

4-C 

s-T 

7- £ 

8- C 

9h: 

10- T 

11- C 

12- c: 

i3h: 

14-C 

is-C 

16— F 

17- c: 

18H: 

19- c: 

20- c 

21 - i: 

22 - F 

23- C 
24 J 






-72 

-71 

-70 

-69 

-68 

-67 

-66 

65 


Top View 
QFP80 


LJUUUUUULJUUUULJU 


H—64 
>63 
>62 
>61 
J—60 
>59 
>58 
>57 
>56 
>55 
>54 
>53 
>52 
>51 
>50 

3-49 

3—48 
>47 
3“46 
>45 
3-44 
>43 
>42 
>41 




P42( CS2/CAS2) 

P41( CS1/CAS1) 

P40(CS0/CAS0) 

P37(R/^ 

P36( R/W) 

P35 (BUSAK) 

P34 (BUSRQ ) 

P33(W^ 


P32(HWR) 

P31(^) 

P30(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25{A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(AO/A16) 

VSS 

P17(AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P11(AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05{AD5) 

P04(AD4) 


P03{AD3) 

P02(AD2) 

POl(ADl) 

POO(ADO) 

VCC 

ALE 

P95(SCLK1) 

P94{RXD1) 


Note : Because the TMP96C141AF has an external ROM, POO to P17 pins are fixed to ADO 
to AD 15; P30 to RD; and P31 to WR. 


Figure 2.1 Pin Assignment (80-pin QFP) 
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TLCS-900 16-bit Microcontroller 


2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 

Table 2.2. Pin Names and Functions 


Pin Name 

Number 
of Pins 

i/0 

Functions 

P00~P07 

0 

I/O 

Port 0: I/O port that allows I/O to be selected on a bit basis 

AD0~AD7 

0 

Tri-State 

Address / data (lower): 0 - 7 for address / data bus 

P10~P17 


I/O 

Port 1: I/O port that allows I/O to be selected on a bit basis 

AD8~AD15 

8 

Tri-state 

Address data (upper); 8 -15 for address / data bus 

A8~A15 


Output 

Address: 8 to 15 for address bus 

P20~P27 


I/O 

Port 2; I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 

A0~A7 

8 

Output 

Address: 0 - 7 for address bus 

A16~A23 


Output 

Address: 16-23 for address bus 

P30 

1 

Output 

Port 30: Output port 

RD 


Output 

Read; Strobe signal for reading external memory 

P31 

■1 

Output 

Port 31: Output port 

WR 


Output 

Write: Strobe signal for writing data on pins ADO -7 

P32 

1 

I/O 

Port 32: I/O port (with pull-up resistor) 

HWR 


Output 

High write: Strobe signal for writing data on pins AD8 -15 

P33 

1 

I/O 

Port 33: I/O port (with pull-up resistor) 

WAIT 

I 

Input 

Wait; Pin used to request CPU bus wait 

P34 


I/O 

Port 34: I/O port (with pull-up resistor) ___ 

BUSRQ 

1 

l/u 

Bus request: Signal used to request high impedance for ADO -15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 



Input 

CS1, and CS2 pins. (For external DMAC) 

P35 


I/O 

Port 35: I/O (with pull-up resistor) ____ 


1 

fli itni it 

Bus acknowledge: Signal indicating that ADO -15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1, and CS2 



uuipul 

pins are at high impedance after receiving BUSRQ. (For external DMAC) 


1 

I/O 

Port 36; I/O port (with pull-up resistor) 


I 

Output 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


1 


Port 37: I/O port (with pull-up resistor) 

RAS 

I 

Output 

Row address strobe: Outputs RAS strobe for DRAM. 



I/O 

Port 40: I/O port (with pull-up resistor) 


1 

Output 

Chip select 0: Outputs 0 when address is within specified address area. 

CASO 


Output 

Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 


Note: With the external DMA controller, this device’s built-in memory or built-in I/O cannot be accessed using the BUSRQ and BUSAK pins. 


MCU900-4 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TMP96C141AF 


Pin Name 

Number 
of Pins 

I/O 

Functions 

P41 


I/O 

Port 41: I/O port (with pull-up resistor) 

CS1 

1 

Output 

Chip select 1: Outputs 0 if address is within specified address area. 

CAS1 


Output 

Column address strobe 1; Outputs CAS strobe tor DRAM if address is within specified address area. 

P42 


I/O 

Port 42; I/O port (with pull-up resistor) 

CS2 

1 

Output 

Chip select 2; Outputs 0 If address is within specified address area. 

CAS2 


Output 

Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 

P50~P53 

4 

Input 

Port 5; Input port 

AN0~AN3 


Input 

Analog input: Input to A/D converter 

VREF 

1 

Input 

Pin for reference voltage input to A/D converter 

AGND 

1 

Input 

Ground pin for A/D converter 

P60~P63 

A 

I/O 

Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 

PG00~PG03 


Output 

Pattern generator ports: 00 - 03 

P64~P67 

A 

I/O 

Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 

PG10~PG13 


Output 

Pattern generator ports: 10-13 

P70 

1 

I/O 

Port 70: I/O port (with pull-up resistor) 

T10 

Input 

Timer input 0: Timer 0 input 


1 

I/O 

Port 71: I/O port (with pull-up resistor) 


Output 

Timer output 1: Timer 0 or 1 output 


1 


Port 72: I/O port (with pull-up resistor) 



PWM output 2:8-bit PWM timer 2 output 


1 


Port 73: I/O port (with pull-up resistor) 



PWM output 3:8-bit PWM timer 3 output 




Port 80: I/O port (with pull-up resistor) 

TI4 



Timer input 4: Timer 4 count/capture trigger signal input 

INT4 

Bllllfl 


Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 




Port 81; I/O port (with pull-up resistor) 


1 


Timer input 5: Timer 4 count/capture trigger signal input 




Interrupt request pin 5: Interrupt request pin with rising edge 

P82 

1 


Port 82: I/O port (with pull-up resistor) 

igimiiiii 


Timer output 4: Timer 4 output pin 


■■■■ 


Port 83: I/O port (with pull-up resistor) 


HH 


Timer output 5: Timer 4 output pin 
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Pin Name 

Number 
of Pins 

i/0 

Functions 

P84 



Port 84: I/O port (with pull-up resistor) 

TI6 

1 


Timer input 6: Timer 5 count/capture trigger signal input 




Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge 


|||||■||||■ 


Port 85: I/O port (with pull-up resistor) 




Timer input 7: Timer 5 count/capture trigger signal input 




Interrupt request pin 7: Interrupt request pin with rising edge 

P86 


I/O 

Port 86: I/O port (with pull-up resistor) 

T06 

nm 

Output 

Timer output 6: Timer 5 output pin 

P87 

1 

I/O 

Port 87: I/O port (with pull-up resistor) 

INTO 

Input 

Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 


1 


Port 90: I/O port (with pull-up resistor) 


iiiiiimf[j^m 

Serial send data 0 


■) 

imBsmi 

Port 91: I/O port (with pull-up resistor) 




Serial receive data 0 


1 

Hmisiii^m 

Port 92: I/O port (with pull-up resistor) 



Serial data send enable 0 (Clear to Send) 


■■■III 


Port 93: I/O port (with pull-up resistor) 




Serial send data 1 

P94 

mu 


Port 94: I/O port (with pull-up resistor) 

RXD1 

m^i 


Serial receive data 1 


1 


Port 95: I/O port (with pull-up resistor) 


I/O 

Serial clxk I/01 


1 

Output 

Watchdog timer output pin 

m. 

1 

Input 

Non-maskable interrupt request pin: Interrupt request pin with falling edge. 

Can also be operated at rising edge by program. 

CLK 

1 

Output 

Clock output: Outputs fXI+4J clock. Pulled-up during reset. 

EA 

1 

Input 

External access: 0 should be Inputted with TMP96C141AF 

1. with TMP96CM40F/TMP96PM40F. 

ALE 

1 

Output 

Address latch enable 

reset 

1 

Input 



2 

I/O 


vcc 

2 


Power supply pin (+ 5V) 

vss 

3 


GND pin (OV) 


Note: Pull-up/pull-down resistor can be released from the pin by software. 
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3. Operation 

This section describes in blocks the functions and basic oper¬ 
ations of the TMP96C141AF device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 

3.1 CPU 

The TMP96C141AF device has a built-in high-performance 
16-bit CPU. (For CPU operation, see TLCS-900 CPU in the 
book Core Manual Architecture User Manual.) 

This section describes CPU functions unique to 
TMP96C141 AF that are not described in that manual. 

3.1.1 Reset 

To reset the TMP96C141 AF, the RESET input must be kept at 
0 for at least 10 system clocks (10 states: 1 |is with a 20MHz 
system clock) within an operating voltage range and with a 
stable oscillation. 

When reset is accepted, the CPU sets as follows: 

• Program counter (PC) to 8000H. 


• Stack pointer (KSP) for system mode to 10OH. 

• SYSM bit of status register (SR) to 1. (Sets to system mode.) 

• IFF2 to 0 bits of status register to 111. (Sets mask register to 
interrupt level 7.) 

• MAX bit of status register to 0. (Sets to minimum mode.) 

• Bits RFP2 to 0 of status register to 000. (Sets register banks 
toO.) 

When reset is released, instruction execution starts from 

address 8000H. CPU internal registers other than the above 

are not changed. 

When reset is accepted, processing for built-in I/Os, 

ports, and other pins is as follows: 

• Initializes built-in I/O registers as per specifications. 

• Sets port pins (including pins also used as built-in I/Os) to 
general-purpose input/output port mode (sets I/O ports to 
input ports). 

• Sets the WDTOUT pin to 0. (Watchdog timer is set to enable 
after reset.) 

• Pulls up the CLK pin to 1. 

• Sets the ALE pin to 0. 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96C141AF. 


OOOOOOH 

000080H 

000100H 
000480H 


008000H 

008200H 


010000H 


FFFFFFH 


IntemaJ I/O 

■f.l 28 .r.b 4 el. 

Internal ITam' 
: (IK-byte) 


t 

Direct area (n) 

_L_ 


Interrupt entry area 
(32entriesx 16 byte) 


64K-byte area 
(nn) 


External memory 
(16M-byte) 


16M-byte are. 

(R) 

(-R) 

(R + ) 

(R + R8/16) 
(R+d8/16) 
(nnn) 


( I .. / I = Internal area) 


Note ; The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the 
system mode side to lOOH. 


Figure 3.2 Memory Map 


MCU900-8 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 





TLCS-900 16-bit Microcontroller 


TMP96C141AF 


3.3 Interrupts 

The TLCS-900 interrupts are controlled by the CPU interrupt 
nnask flip-flop (IFF2 to 0) and the built-in interrupt controller. 

The TMP96C141AF have altogether the following 23 
interrupt sources: 


A fixed individual interrupt vector number is assigned to 
each interrupt source; six levels of priority (variable) can also 
be assigned to each maskable interrupt. Non-maskable inter¬ 
rupts have a fixed priority of 7. 

When an interrupt is generated, the interrupt controller 


• Interrupts from the CPU--3 

(Software interrupts, privileged violations, and Illegal (undefined) instruction execution) 

• Interrupts from external pins (NMI, INTO, and INT4 to 7)- -6 

• Interrupts from built-in l/Os --14 


sends the value of the priority of the interrupt source to the 
CPU. When more than one interrupt is generated simulta¬ 
neously, the interrupt controller sends the value of the highest 
priority (7 for non-maskable interrupts is the highest) to the 
CPU. 

The CPU compares the value of the priority sent with the 
value in the CPU interrupt mask register (IFF2 to 0). If the value 
is greater than that of the CPU interrupt mask register, the 
interrupt is accepted. The value in the CPU interrupt mask reg¬ 
ister (IFF2 to 0) can be changed using the El instruction (con¬ 
tents of the El num/IFF<2:0> = num). For example, 
programming El 3 enables acceptance of maskable interrupts 
with a priority of 3 or greater, and non-maskable interrupts 
which are set in the interrupt controller. The Dl instruction 


(IFF<2:0> = 7) operates in the same way as the El 7 instruc¬ 
tion. Since the priority values for maskable interrupts are 0 to 6, 
the Dl instruction is used to disable maskable interrupts to be 
accepted. The El instruction becomes effective immediately 
after execution. (With the TLCS-90, the El instruction becomes 
effective after execution of the subsequent instruction.) 

In addition to the general-purpose interrupt processing 
mode described above, there is also a high-speed micro DMA 
processing mode. High-speed micro DMA is a mode used by 
the CPU to automatically transfer byte or word data. It enables 
the CPU to process interrupts such as data saves to built-in I/Os 
at high speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 
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General-purpose 
interrupt processing 



Figure 3.3 (1) Interrupt Processing Flowchart 
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3.3.1 General-Purpose Interrupt Processing 

When accepting an interrupt, the CPU operates as follows: 

(1) The CPU reads the interrupt vector from the interrupt 
controller. When more than one interrupt with the same 
level is generated simultaneously, the interrupt controller 
generates interrupt vectors in accordance with the 
default priority (which is fixed as follows: the smaller the 
vector value, the higher the priority), then clears the inter¬ 
rupt request. 

(2) The CPU pushes the program counter and the status 
register to the system stack area (area indicated by the 
system mode stack pointer). 

(3) The CPU sets a value in the CPU interrupt mask register 
<IFF2 to 0> that is higher by 1 than the value of the 
accepted interrupt level. Flowever, If the value is 7, 7 Is 
set without an increment. 

(4) The CPU sets the <SYSM> flag of the status register to 1 
and enters the system mode. 

(5) The CPU jumps to address 8000H + Interrupt vector, 
then starts the interrupt processing routine. 

In minimum mode, all the above processing is completed 

in i P j ^ Si P (1 .5 ms @ 20MHz). In maximum mode, it is com¬ 
pleted in 17 states. 


Bus Width of Stack 
Area 

Interrupt Processing State Number 

MAX mode 

Min mode 

8 bit 

23 

19 

16 bit 

17 

15 


To return to the main routine after completion of the inter¬ 
rupt processing, the RETI instruction is usually used. Executing 
this instruction restores the contents of the program counter 
and the status registers. 

Though acceptance of non-maskable interrupts cannot 
be disabled by program, acceptance of maskable interrupts 
can. A priority can be set for each source of maskable inter¬ 
rupts. The CPU accepts an interrupt request with a priority 
higher than the value in the CPU mask register <IFF2 to 0>. 
The CPU mask register <IFF2 to 0> is set to a value higher by 
1 than the priority of the accepted interrupt. Thus, if an inter¬ 
rupt with a level higher than the interrupt being processed is 
generated, the CPU accepts the interrupt with the higher level, 
causing interrupt processing to nest. The CPU does not 
accept an interrupt request of the same level as that of the 
interrupt being processed. 

Resetting initializes the CPU mask registers <IFF2 to 0> 
to 7; therefore, maskable interrupts are disabled. 

The addresses 008000H to 0081FFH (512 bytes) of the 
TLCS-900 are assigned for interrupt processing entry area. 
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Table 3.3 (1) TMP96C141AF Interrupt Table 


Default Priority 

Type 

Interrupt Source 

Vector Value 

«V” 

Start Address 

High-Speed 
Micro DMA 
Start Vector 

1 


Reset 

. or SWI 0 instruction 

0 0 0 0 H 

8 0 0 0 H 

- 

2 


INTPREV; Privileged violation, or SWI1 

0 0 1 0 H 

8 0 1 0 H 

- 

3 


INTUNDEF; Illegal instruction, or SWI2 

0 0 2 0 H 

8 0 2 0 H 

- 

4 


SWI3 Instruction 

0 0 3 0 H 

8 0 3 0 H 

- 

5 

Non- 

SWI4 Instruction 

0 0 4 0 H 

8 0 4 0 H 

- 

6 

MaskaDle 

SWI 5 Instruction 

0 0 5 0 H 

8 0 5 OH 

- 

7 


SWI 6 Instruction 

0 0 6 0 H 

8 0 6 0 H 

- 

8 


SWI 7 Instruction 

0 0 7 0 H 

8 0 7 0 H 

- 

9 


m Pin 

0 0 8 0 H 

8 0 8 0 H 

08H 

10 


INTWD: 

Watchdog timer 

0 0 9 0 H 

8 0 9 0 H 

09H 

11 


INTO pin 

0 0 A 0 H 

8 0 A 0 H 

OAH 

12 


INT4pin 

0 0 B 0 H 

8 0 B 0 H 

OBH 

13 


INT5 pin 

0 0 C 0 H 

8 0 C 0 H 

OCH 

14 


INT6pin 

0 0 D 0 H 

8 0 D 0 H 

ODH 

15 


INT7 pin 

0 0 E 0 H 

8 0 E 0 H 

OEH 

- 


(Reserved) 

0 0 F 0 H 

8 0 F 0 H 

OFH 

16 


INTTO: 

8-bit timer 0 

0 1 0 0 H 

8 1 0 0 H 

10H 

17 


INTT1: 

8-bit timer 1 

0 1 1 0 H 

8 1 1 0 H 

11H 

18 


INn2; 

8-bit timer 2/PWMO 

0 1 2 0 H 

8 1 2 0 H 

12H 

19 


INn3: 

8-bit timer 3/PWM1 

0 1 3 0 H 

8 1 3 0 H 

13H 

20 

Maskable 

INnR4 

16-bit timer 4 (TREG4) 

0 1 4 0 H 

8 1 4 0 H 

14H 

21 

INnR5 

16-bit timer 4 (TREG5) 

0 1 5 0 H 

8 1 5 0 H 

15H 

22 


INnR6 

16-bit timer 5 (TREG6) 

0 1 6 0 H 

8 1 6 0 H 

16H 

23 


INnR7 

16-bit timer 5 (TREG7) 

0 1 7 0 H 

8 1 7 0 H 

17H 

24 


INTRXO 

Serial receive (Channel.O) 

0 1 8 0 H 

8 1 8 0 H 

18H 

25 


INHXO 

Serial send (Channel.O) 

0 1 9 0 H 

8 1 9 0 H 

19H 

26 


INTRX1 

Serial receive (Channel.1) 

0 1 A 0 H 

8 1 A 0 H 

1AH 

27 


INHXI 

Serial send (Channel.1) 

0 1 B 0 H 

8 1 B 0 H 

1BH 

28 


INTAD: 

A/D conversion completion 

0 1 C 0 H 

8 1 C 0 H 

1CH 

- 


(Reserved) 

0 1 D 0 H 

8 1 D 0 H 

1DH 

- 


(Reserved) 

0 1 E 0 H 

8 1 E 0 H 

1EH 

- 


(Reserved) 

0 1 F 0 H 

8 1 F 0 H 

1FH 


3.3.2 High-Speed Micro DMA 

In addition to the conventional interrupt processing, the TLCS- 
900 also has a high-speed micro DMA function. When an 
interrupt is accepted, in addition to an interrupt vector, the CPU 
receives data indicating whether processing is high-speed micro 
DMA mode or general-purpose interrupt. If high-speed micro 
DMA mode is requested, the CPU performs high-speed micro 
DMA processing. 


The TLCS-900 can process at very high speed com¬ 
pared with the TLCS-90 micro DMA because it has transfer 
parameters in dedicated registers in the CPU. Since those 
dedicated registers are assigned as CPU control registers, they 
can only be accessed by the LDC (privileged) instruction. 
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(1) High-Speed Micro DMA Operation 

High-speed micro DMA operation starts when the accepted 
interrupt vector value matches the micro DMA start vector 
value set in the interrupt controller. The high-speed micro DMA 
has four channels so that it can be set for up to four types of 
interrupt source. 

When a high-speed micro DMA interrupt is accepted, 
data is automatically transferred from the transfer source 
address to the transfer destination address set in the control 
register, and the transfer counter is decremented. If the value in 
the counter after decrementing is other than 0, high-speed 
micro DMA processing is completed. If the value in the counter 
after decrementing is 0, general-purpose interrupt processing 
is performed. In read-only mode, which is provided for DRAM 
refresh, the value in the counter is ignored and dummy read is 
repeated. 

The 32-bit control registers are used for setting transfer 
source/destination addresses. However, the TLCS-9CX) has 
only 24 address pins for output. A16M-byte space is available 
for the high-speed micro DMA. Also in normal mode operation, 
the all address space (in other words, the space for system 


mode which is set by the CS/WAIT controller) can be 
accessed by high-speed micro DMA processing. 

There are two data transfer modes: one-byte mode and 
one-word mode. Incrementing, decrementing, and fixing the 
transfer source/destination address after transfer can be done 
in both modes. Therefore data can easily be transferred 
betweenl/0 and memory and between I/Os. For details of 
transfer modes, see the description of transfer mode registers. 

The transfer counter has 16 bits, so up to 65536 trans¬ 
fers (the maximum when the initial value of the transfer counter 
is CXDOOH) can be performed for one interrupt source by high¬ 
speed micro DMA processing. 

A the data transferred by the jiDMA function, the transfer 
nter was decreased. 

When this counter is “0”H, the processor operates gen¬ 
eral interrupt processing. At this time if the same channel of 
interrupt is required next interrupt, the transfer counter starts 
from 65536. 

Interrupt sources processed by high-speed micro DMA 
processing are those with the high-speed micro DMA start 
vectors listed in Table 3.3 (1). 



High-Speed /.DMA cycle (COUNTS 0) 


(Note 1) (Note 2) 


(Note 3) (Note 3) 




High-Speed /.DMA cycle (COUNT = 0) 


(Notel) This is added 2 states the case of the bus width of source address 
area is 8bit 

(Note2) This is added 2 states the case of the bus width of destination 
address area isSbit 


(Note3) This may be a dummy cycle with instruction queue buffer. 
(Note4) This is added 2 states the case of the bus width of stack address 
area is 8bit 
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The following timing chart is a high-speed ^iDMA cycle of cept the Read-only mode is same as this) 
the Transfer Address Increment mode (the other mode exe- (Condition: MIN mode, 16bit Bus width for 16M Byte, 0 wait) 


(2) Register Configuration (CPU Control Register) 


ChannelO 


DMASO 

DMADO 


DMACO 



DMAMO 


Channell 


DMAS1 

DMAD1 


DMAC1 



DMAM1 


Channel2 


DMAS2 

DMAD2 


DMAC2 



DMAM2 


Channels 


DMAS3 

DMAD3 


DMAC3 


DMAM3 

O 

]«*-8bit—► 

^ lODIX. ^ 

-)UU_w 



Transfer source address register 0 
Transfer destination address register 0 
Transfer counter register 0 
Transfer mode register 0 

Transfer source address register 1 
Transfer destination address register 1 
Transfer counter register 1 
Transfer mode register 1 

Transfer source address register 2 
Transfer destination address register 2 
Transfer counter register 2 
Transfer mode register 2 

Transfer source address register 3 
Transfer destination address register 3 
Transfer counter register 3 
Transfer mode register 3 


J{Use only lower 24 bits.) 
(1--65536) 


These Control Registers cannot be set only “LCD cr, r” instruction. 
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(3) Transfer Mode Register Details 


(DMAMO-3) 



Note : When specifying values for this 
register, set the upper 4 bits to 0. 



execution time (Min.) @20MHz 


0 0 0 z 

Transfer destination address INC mode . for I/O to memory 

(DMADn+)«~ (DMASn) 

DMACn«-DMACn -1 
if DMACn = 0then INT. 

16 states 

(1.6//S) 

0 0 1 z 

Transfer destination address DEC mode . for I/O to memory 

(DMADn-)<-(DMASn) 

DMACn«-DMACn -1 
ifDMACn = 0thenINT. 

16 states 

( 1 . 6 a«s) 

0 1 0 z 

Transfer source address INC mode . for I/O to memory 

(DMADn) (DMASn +) 

DMACn<-DMACn -1 
ifDMACn=0thenlNT. 

16 states 

(1.6//S) 

0 1 1 z 

Transfer source address DEC mode . for I/O to memory 

(DMADn) <-(DMASn-) 

DMACnf-DMACn - 1 
if DMACn:=0then INT. 

16 states 

(1.6//S) 

1 0 0 z 

Fixed address mode . I/O to I/O 

(DMADn)(DMASn) 

DMACn<-DMACn -1 
ifDMACn=0thenlNT. 

16 states 

(1.6;/S) 

10 10 

Read-only mode. for DRAM refresh 

Dummy<-(DMASn) ; Reads 4 bytes. 

DMASn<-DMASn + 4 ; increments lower word only. 
DMACn<-DMACn -1 

14 states 

(1.4//S) 

10 11 

Counter mode. for interrupt counter 

DMASn^-DMASn +1 

DMACn^-DMACn -1 
ifDMACn=0thenlNT. 

11 states 

(I.Vs) 


(1 state = 100ns) 


This condition is 16-bit bus width and 0 wait of source/destination address space. 

Note: n: corresponds to high-speed jiiDMA channels 0 - 3. 

DMADn +/DMASn -i-: Post-increment (Increments register value after transfer.) 
DMADn -/DMASn -: Post-decrement (Decrement register value after transfer.) 


All address space (the space for system mode) can be for transfer mode control, 
accessed by high-speed fiDMA. Do not use undefined codes 
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<Usage of read only mode (DRAM refresh)> 

When the hardware configuration is as follows: 

DRAM mapping size: = 1 MB 

DRAM data bus size: = 8 bits 

DRAM mapping address range: = lOOOOOHto 

1FFFFFH 

Set the following registers first; refresh is performed 
automatically. 

(D Register initial value setting 
LD XIX, 100000H 

LDC DMASO.XIX • • • mapping start address 

LD A, 0000101 OB 

LDC DMAMO, A’ • read only mode (for 

DRAM refresh) 

(D Timer Setting 

Set the timers so that interrupts are generated at 
intervals of 62.5|is or less. 

(3) Interrupt controller setting 

Set the timer interrupt mask h other interrupt mask. 
Write the above timer interrupt vector value in the 
High-Speed fiDMA start vector register, DMAOV. 

(Operation description) 

The DRAM data bus is an 8-bit bus and the micro 
DMA is in read-only mode (4 bytes), so refresh is per¬ 
formed four times per interrupt. 

When a 512 refresh/8ms DRAM is connected, DRAM 
refresh is performed sufficiently if the micro DMA is 
started every 15.625|iS x 4 = 62.4)is or less, since the 
timing is 15.625|Lis/refresh. 

(Overhead) 

Each processing time by the micro DMA is 1.8^is (18 
states) @ 20MHz with an 8-bit data bus. 

In the above example, the micro DMA is started every 
62.5ns, 1.8ns/62.5|is = 0.029; thus, the overhead is 
2.9%. 

3.3.3 Interrupt Controller 

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The 
left half of the diagram shows the interrupt controller; the right 
half includes the CPU interrupt request signal circuit and the 
HALT release signal circuit. 

Each interrupt channel (total of 20 channels) in the inter¬ 
rupt controller has an interrupt request flip-flop, interrupt prior¬ 


ity setting register, and a register for storing the high-speed 
micro DMA start vector. The interrupt request flip-flop is used 
to latch interrupt requests from peripheral devices. The flip-flop 
is cleared to 0 at reset, when the CPU reads the interrupt 
channel vector after the acceptance of interrupt, or when the 
CPU executes an instruction that clears the interrupt of that 
channel (writes 0 in the clear bit of the interrupt priority setting 
register). 

For example, to clear the INTO interrupt request, set the 
register after the IMraPm ss follows. 

INTE0AD<-0 — Zero-dears the INTO Flip-Flop. 

The status of the interrupt request flip-flop is detected by 
reading the clear bit. Detects whether there is an interrupt 
request for an interrupt channel. 

The interrupt priority can be set by writing the priority in 
the interrupt priority setting register (e.g., INTEOAD, INTE45, 
etc.) provided for each interrupt source. Interrupt levels to be 
set are from 1 to 6. Writing 0 or 7 as the interrupt priority dis¬ 
ables the corresponding inter rupt request. The priority of the 
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed 
to 7. If interrupt requests with the same interrupt level are gen¬ 
erated simultaneously, interrupts are accepted in accordance 
with the default priority (the smaller the vector value, the higher 
the priority). 

The interrupt controller sends the interrupt request with 
the highest priority among the simultaneous interrupts and its 
vector address to the CPU. The CPU compares the priority 
value <IFF2 to 0> set in the Status Register by the interrupt 
request signal with the priority value sent; if the latter is higher, 
the interrupt is accepted. Then the CPU sets a value higher 
than the priority value by 1 in the CPU SR<IFF2 to 0>. Interrupt 
requests where the priority value equals or is higher than the 
set value are accepted simultaneously during the previous 
interrupt routine. When interrupt processing is completed (after 
execution of the RETI instruction), the CPU restores the priority 
value saved in the stack before the interrupt was generated to 
the CPU SR<IFF2 to 0>. 

The interrupt controller also has four registers used to 
store the high-speed micro other DMA start vector. These are 1/ 
O registers; unlike other DMA registers (DMAS, DMAD, DMAM, 
and DMAC), they can be accessed in either normal or system 
mode. Writing the start vector of the interrupt source for the 
micro DMA processing (see Table 3.3 (1)), enables the corre¬ 
sponding interrupt to be processed by micro DMA processing. 
The values must be set in the micro DMA parameter registers 
(e.g., DMAS and DMAD) prior to the micro DMA processing. 


MCU900-16 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 




TLCS-900 16-bit Microcontroller 


TMP96C141AF 



Figure 3.3.3 (1) Block Diagram of Interrupt Controller 
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(1) Interrupt Priority Setting Register 


(Read -m odi fy-wri te prohi bi ted.) 


Symbol 

Address 

! 7 

i 6 i 5 

4 


2 1 

i 0 J 



! INTAD 

INTO 1 



lADC 

IA0M2 i lADMt 

lAOMO 

IOC 

I0M2 i I0M1 

; lOMO { 



IVW 

W 

RAW 




0 

i 0 ; 0 

0 

0 

0 0 

nrn 



1 INT5 

INT4 1 



ISC 

I5M2 ; I5M1 

I5M0 

I4C 

I4M2 i I4M1 

; I4M0 1 



R/W 

W 

R/W 

vy J 



0 

o 

o 

0 

0 

o 

o 

Fon 



INT7 

INT6 1 

_ 


I7C 

I7M2 i I7M1 

I7M0 

I6C 

I6M2 ; t6M1 

I6M0 1 

E67 

0072 H 

R/W 

W 


R/W 

w 1 



0 

0 0 

0 

0 

0 0 

0^ 



INTTI (Timerl) 

INTTO(TimerO) 1 



IT1C 

IT1M2 : IT1M1 

IT1M0 

ITOC 

IT0M2 i ITOMI 

ITOMO 1 

L 0 

0073H 

R/W 

W 

R/W 




0 

0 0 

0 

0 

o 

o 

_0_1 



iNTT3 (Timer3/PWM1) 

INTT2 (Timer2/PWM0) I 

INTEPW10 

0074H 

IPW1C 

IPW1M2ilPW1M1 

IPW1M0 

IPWOC 

IPW0M2. IPW0M1 

IPWOMO 

R/W 

W 


R/W 

W 




0 

0 0 

0 

0 

0 0 

0 



INTTR5 (TREG5) 

INTTR4 (TREG4) 1 

INTET54 

0075H 

IT5C 

IT5M2 : IT5M1 

IT5M0 

IT4C 

IT4IVI2 : IT4M1 

IT4M0 1 

R/W 

W 

R/W 

w 1 



0 

0 0 

0 

0 

0 0 

ZZIl 



INTTR7 (TREG7) 

INTTR6(TREG6) 1 

INTET76 

0076H 

IT7C 

IT7IVI2 i IT7M1 

IT7M0 

IT6C 

IT6M2 1 IT6M1 

IT6M0 1 

R/W 

W 

RAW 

w ^ 



0 

0 0 

0 

0 

0 0 

ZZoZl 



INTTXO 

INTRXO 1 



ITXOC 

ITX0I\/I2 : ITX0M1 

ITXOMO 

IRXOC 

IRX0M2 i IRXOMI 

IRXOMO 1 

INTESO 

0077H 

R/W 

W 

RAW 

w 1 



0 

0 0 

0 

0 

0 0 

ZaZ] 



INTTX1 

INTRX1 1 



ITX1C 

ITX1M2 : ITXIM1 

ITX1M0 

IRX1C 

IRX1IV12 ; IRX1M1 

IRX1M0 

INTES1 

0078H 

R/W 

W 


R/W 

W 




0 

O 

o 

0 

0 

0 0 

0 


. ^-' 


♦—Interrupt source 

♦-bit Symbol 
♦-Read/Write 
♦-After reset 



lxxM2 

IxxMl 

IxxMO 

Function (Write) 


0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

1 

Prohibits interrupt request. 

Sets interrupt request level to " 1". 

Sets interrupt request level to "2*. 

Sets interrupt request level to "3*. 

Sets interrupt request level to "4*. 

Sets interrupt request level to "S". 

Sets interrupt request level to "6*. 

Prohibits interrupt request. 

IxxC 

Function (Read) 

Function (Write) 

0 

Indicates no interrupt request. 

Clears interrupt request flag. 

1 

Indicates interrupt request. 

.Don't care. 
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(2) External Interrupt Control 


IIMC 

(007BH) 


Read-modify-write is 
prohibited. 


Interrupt Input Mode Control Register 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 






lOlE 

lOLE 

NMIREE 

Read/Write 






W 

W 

W 

After reset 






0 

0 

0 

Function 






1: INTO 
input 
enable 

0: INTO 
edge 
mode 

1:INT0 

level 

mode 

1: Can be 
operated 
inNiW 
rising 
edge. 


INTO input er^able (Note) 


INTO disable (P87 function only) 


Input enable 


Note ; The INTO pin can also be used for standby release as described later. 
Even if the pin is not used for standby release, setting this register to 
“0” maintains the port function during standby mode. 




NMI rising edge enable 


Interrupt request generation at 
falling edge 


Interrupt request generation at 
rising/failing edge 


INTO level enable 


Rising edge detect interrupt 


High level interrupt 


Setting of External Interrupt Pin Functions 


Interrupt 

Pin name 

Mode 

Setting method 

NM 

- 

Falling edge 

IIMC<NMIREE>=0 

—V j —Rising and falling 

^- r edges 

IIMC<NMIREE> = 1 

INTO 

P87 

Rising edge 

IIMC<I0LE> = 0,<I0IE> = 1 

_y * \_ Level 

I1MC<IOLE> = 1.<IOIE> = 1 

INT4 

P80 

Rising edge 

T4MOC<CAP12M1,0> = 0.0 or 0,1 or 1,1 

Falling edge 

T4MOD<CAP12M1,0> = 1,0 

INT5 

P81 

_/ Rising edge 


INT6 

P84 

_f~ Rising edge 

T5MOC<CAP34M1,0> = 0.0 or 0,1 or 1,1 

~\_ Falling edge 

T5MOD<CAP34M1,0> = 1,0 

INT7 

P85 

Rising edge 
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(3) High-Speed Micro DMA Start Vector 

When the CPU reads the interrupt vector after accepting an inter¬ 
rupt, it simultaneously compares the interrupt vector with each 
channel’s micro DMA start vector (bits 4 to 8 of the interrupt vec¬ 


tor). When both match, the interrupt is processed in micro 
DMA mode for the channel whose value matched. 

If the interrupt vector matches more than one chan¬ 
nel, the channel with the lower channel number has a 
higher priority. 


Micro DMAO Start Vector (read-modify-write is not possible.) 




7 

6 

5 

4 

3 

2 

1 

0 

DMAOV 

bit Symbol 



DMA0V8 

DMA0V7 

DMA0V6 

DMA0V5 

DMA0V4 

(007CH) 

Read / Write 

W 


After reset 


_1_ 

0 

0 

0 

0 

0 


Micro DMA1 Start Vector 




(read-modify-write is not possible.) 



7 

6 

5 

4 

3 

2 

1 

0 

DMA1V 

bit Symbol 



DMA1V8 

DMA1V7 

DMA1V6 

DMA1V5 

DMA1V4 

(007DH) 

Read/Write 

W 


After reset 



0 

0 

0 

0 

0 


Micro DMA2 Start Vector 




(read-modify-write is not possible.) 



7 

6 

5 

4 

3 

2 

1 

0 

DMA2V 

bit Symbol 



DMA2V8 

DMA2V7 

DMA2V6 

DMA2V5 

DMA2V4 

(007EH) 

Read / Write 

W 


After reset 



0 

0 

0 

0 

0 


Micro DMAS Start Vector 




(read-modify-write is not possible.) 



7 

6 

5 

4 

3 

2 

1 1 

0 

DMA3V 

bit Symbol 



DMA3V8 ; 

DMA3V7 

DMA3V6 

DMA3V5 1 

DMA3V4 

(007FH) 

Read/Write 

W 


After reset 



0 I 

0 

0 

0 1 

0 


(4) Notes 

The instruction execution unit and the bus interface unit of this 
CPU operate independently of each other. Therefore, if the instruc¬ 
tion used to clear an interrupt request flag of an interrupt is fetched 
before the interrupt is generated, it is possible that the CPU might 
execute the fetched instruction to clear the interrupt request flag 


while reading the interrupt vector after accepting the inter¬ 
rupt. If so, the CPU would read the default vector OOAOH 
and start the interrupt processing from the address 
80A0H. 

To avoid this, make sure that the instruction used to 
clear the interrupt request flag comes after the Dl instruction. 
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3.4 Standby Function 

When the HALT instruction is executed, the TMP96C141AF 
enters RUN, IDLE, or STOP mode depending on the contents 
of the HALT mode setting register. 


(1) 

RUN 

: Only the CPU halts; power consumption 
remains unchanged. 

(2) 

IDLE 

; Only the built-in oscillator operates, while all 


other built-in circuits halt. Power consump¬ 
tion is reduced to 1/10 or less than that dur¬ 
ing normal operation. 

(3) STOP : All internal circuits including the built-in oscil¬ 
lator halt. This greatly reduces power con¬ 
sumption. The states of the port pins in 
STOP mode can be set as listed in Table 3.4 
(1) using the I/O register 
WDMOD<DRVE>bit. 


WDMOD 

(005CH) 



7 

6 

5 

4 

3 

2 

1 

0 

Bit Symbol 

WDTE 

WDTP1 

WDTPO 

WARM 

HALTM1 

HALTMO 

RESCR 

DRVE 

Read/Write 

R/W 

After reset 

1 

0 

0 

0 

0 

0 

0 

0 

Function 

1 :WDT 
Enable 

00:2'«/fc 

01:2^®/lc 

10:2“/fc 

11:222/fc 

Detection time 

Warming up 
time 

0:2'®/fc 

1:2'®/fc 

Standby mode 

00: RUN mode 

01: STOP mode 

10: IDLE mode 

11 .Don’t care 

1: Connects 
watchdog 
timer 
output to 
RESET pin 
Internally. 

1: Drive pin 
even in 

STOP 

mode. 


When STOP mode is released by other than a reset, the 
system clock output starts after allowing some time for warm¬ 
ing up set by the warming-up counter fro stabilizing the bulit-in 
oscillator. To release STOP mode by reset, it is necessary to 


allow the oscillator to stabilize. 

To release standby mode, a reset or an Interrupt i s use d. 
To release IDLE or STOP mode, only an interrupt by the NMI or 
INTO pin, or a reset can be used. The details are described 
below: 


Standby Release by Interrupt 


-Interrupt Level 

Standby Mode^— 

Interrupt Mask (IFF2 to 0) 

< Interrupt Request Level 

Interrupt Mask (IFF2 to 0) 

> Interrupt Request Level 

RUN 

Can be released by any interrupt. 

After standby mode is released, interrupt processing starts. 

Can only be released by INTO pin. 

Processing resumes from address next to HALT instruction. 

IDLE 

Can only be released by NMlor INTO pin. After standby mode 
is released, interrupt processing starts. 

t 

STOP 

T (Note) 

T 
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Table 3.4 (1) Pin States in STOP Mode 




96C141AF 

96CM40/96PM40 







ORVE»0 

DRVE»1 

ORVEsO 

DRVEsI 



PO 

Input mode/ADO ~ 7 

- 

- 

- 

- 

Output mode 

X 

X 

- 

Output 

pi 

Input mode/AD8 ~ 15 

- 

- 

- 

- 

Output mode/A8 -15 

X 

X 

- 

Output 

P2 

Input mode 

PD" 


■■nBui 

PD" 

Output mode/AO-7, A16-23 

PD" 



Output 


Output 

- 

“1" Output 

- 

Output 

P32~P37 

Input mode 

PU 

PU 



Output mode 

PU 

Output 



P40. P41 

Input mode 

PU" 

PU 



Output mode 

PU" 

Output 



P42(CS2/aS2) 

Input mode 

Output mode 

PD" 

PD" 

PD 

Output 



P5 

Input 

- 

- 



P6 

Input mode 

PU" 

PU 



Output mode 

PU" 

Output 



P7 

Input mode 

PU" 

PU 



Output mode 

PU" 

Output 



Pftf) ~ Pftfi 

Input mode 

PU" 

PU 




Output mode 

PU" 

Output 



P87(INT0) 

Input mode 

Output mode 

PU 

PU 

PU 

Output 



P9 

Tm\ 

Input mode 

PU* 

PU 



Output mode 

Inni it 

PU" 

. I 

Output 



WDTOUT 

Output 

Output 

Output 



ALE 

Output 

“0" 

“0” 



CLK 

ntrcrj 

Output 

- 




ntoti 

EA 

Input 

Input 

Input 

Input 



X1 

Input 

- 

- 

1 


X2 

Output 

“1” 

“1” 




Input for input mode/input pin is invalid; output mode/output pin is at high impedance. 

Input enable state 

Input: Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant. 

Output; Output state 

PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set. 

PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set. 

*: Input gate disable state. No through current even if the pin is set to high impedance, 

x: Cannot set. 

Note: Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., T01) and the output function 
is specified, whether pull-up or pull-down is selected depends on the output function data. If a pin is also used for an input function, whether pull-up or 
pull-down is selected depends on the port register setting value only. 
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3.5 Functions of Ports 

The TMP96CM40F/TMP96PM40F has 65 bits for I/O ports. 
The TMP96C141AF, TMP96C041AF has 47 bits for I/O ports 
because PortO, Port1, P30, and P31 are dedicated pins for 
ADO to 7, ADS to 


15, RD, and WR. 

These port pins have I/O functions for the built-in CPU 
and internal I/Os as well as general-purpose I/O port func¬ 
tions. Table 3.5 lists the function of each port pin. 

(R: T = With programmable pull-up resistor 

i = With programmable pull-down 


Table 3.5 Functions of Ports 


Port Name 

Pin Name 

Number of 
Pins 

Direction 

R 

Direction Setting Unit 

Pin Name for Built-in Function 

Porto 

P00~P07 

8 

I/O 

- 

Bit 

AD0-AD7 

Porti 

P10~P17 

8 

I/O 


Bit 

AD8-AD15/A8~A15 

Port2 

P20~P27 

8 

I/O 

i 

Bit 

A0~A7/A16~A23 

Ports 

P30 

1 

Output 

- 

(Fixed) 

RD 


P31 

1 

Output 

- 

(Fixed) 

WR 


P32 

1 

I/O 

T 

Bit 

HWR 


P33 

1 

I/O 

T 

Bit 

WAIT 


P34 

1 

I/O 

t 

Bit 

BUSRQ 


P35 

1 

I/O 

T 

Bit 

BUSAK 


P36 

1 

I/O 

T 

Bit 

R/W 


P37 

1 

I/O 

t 

Bit 

RAS 

Port4 

P40 

1 

I/O 


Bit 

CSO/C^ 


P41 

1 

I/O 


Bit 

CS1/CAS1 


P42 

1 

I/O 


Bit 

CS2/CAS2 

Port5 

P50~P53 

4 

Input 

- 

(Fixed) 

AN0~AN3 

Porto 

P60~P67 

8 

I/O 


Bit 


Port/ 

P70 

1 

I/O 

T 

Bit 

T10 


P71 

1 

I/O 

T 

Bit 

T01 


P72 

1 

I/O 

T 

Bit 

T02 


P73 

1 

I/O 

t 

Bit 

T03 

Ports 

P80 

1 

I/O 


Bit 



P81 

1 

I/O 


Bit 



P82 

1 

I/O 


Bit 

T04 


P83 

1 

I/O 


Bit 

T05 


P84 

1 



Bit 

T16/INT6 


P85 

1 



Bit 

T17/INT7 


P86 

1 


T 

Bit 

T06 


P87 

1 

I/O 

T 

Bit 

INTO 

Ports 

P90 

1 

I/O 

T 

Bit 

TXDO 


P91 

1 

I/O 

T 

Bit 

RXDO 


P92 

1 

I/O 

T 

Bit 

CTSO 


P93 

1 

I/O 

T 

Bit 

TXD1 


P94 

1 

I/O 

T 

Bit 

RXD1 


P95 

1 

I/O 

t 

Bit 

SCLK1 
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Resetting makes the port pins listed below function as 
general-purpose I/O ports. 

I/O pins programmable for input or output function as 
input ports. 

To set port pins for built-in functions, a program is 
required. 

Since the TMP96C141AF has an external ROM, some 
ports are permanently assigned to the CPU. 


• POO ~ P07 ^ADO ~ AD7 

•P10~P17 ->^8~AD15 

• P30 -»RD 

• P31 ->WR 

Bus release functbn 

The TMP96C141 AF has the internal pull-up and pull¬ 
down resistors to fix the bus control signals at bus release. 

Table 3.5 (1) shows the pin condition at bus release 
(BUSAK) = “L”). 


Pin Name 

Pin state at bus release 

Port mode 

Function mode 

POO-P07 

(ADG-AD7) 

P10-P17 
(ADS-ADI 5) 

No status change (these pins are not "Hz”) 

These pins are “Hz". 

P30(SD) 

T 

These pins are "Hz”. 

P31 (WR) 


(“Hz" status after these pins are driven to high level.) 

P32(HWR) 


The output buffer is “OFF’ after these pins are drinen high. 

P37(RAS) 

T 

These pins are added in the internal resistor of pull-up. It’s 
no relation for the value of output latch. 

P36(R/W) 


t 

P40(CS0/CAS0) 

T 

P41 (CS1/CAS1) 



P42(^/CAS2) 

t 

nt 

P20-P27 


1 The output buffer is "OFF” after these pins are drinen high. 

(A16-A23) 

t 

These pins are added in the internal resistor of pull-down. 

P42(CS2/CAS2) 


It’s no relation for the value of output latch. 


{*) P42 has the resistor of programmable pull-down, but 
when the bus are released, P42 pin is added a resistor of pull- 

up. __ 

That is, when it is used for bus release (BUSAK = “0”), the 
pins of below need pull-up or pull-down resistor for an external 
circuit. 

P00-P07(AD07) 


P10-P17(/\D8-AD15) 

P30 (RD) 

P31 (WR) 

When the bus is released, both internal memory and 
internal I/O cannot be accessed. But the Internal I/O continues 
to run. Therefore, be careful about releasing time and set the 
setection time WDT. 


Vcc 



Address/Data bus (AOO-15} 


Higher address bus (AT6-23) 


System control bus 


MCU900-24 


Figure 3.5. Example of external bus interface using bus release function. 
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3.5.1 Port 0 (POO - POT) 

Port 0 is an 8-bit general-purpose I/O port. I/O can be set on a 
bit basis using control register POOR to 0 and sets Port 0 to 
input mode. 

In addition to functioning as a general purpose I/O port, 
Port 0 also functions as an address data bus (ADO to 7). To 
access external memory, Port 0 functions as an address data 
bus (AD 0 to 7) and all bits of the control register POOR are 
cleared to 0. 

With the TMP96C141 AF/rMP96C041AF, which comes 
with an external ROM, Port 0 always functions as an address 
data bus (ADO to 7) regardless of the value set in control regis¬ 
ter POOR. 


3.5.2 Port 1 (P10 - PIT) 

Port 1 is an 8-bit general-purpose I/O port. I/O can be set on a 
bit basis using control register P1 OR and function register 
P1FC. Resetting resets all bits of output latch P1, control reg¬ 
ister P1CR, and function register P1 FC to 0 and sets Port 1 to 
input mode. 

In addition to functioning as a general purpose I/O port. 
Port 1 also functions as an address data bus (ADS to 15) or an 
address bus (A8 to 15). 

With the TMP96C141AF/TMP96C041AF, which comes 
with an external ROM, Port 1 always functions as an address 
data bus (AD8 to 15) regardless of the value set in control reg¬ 
ister PI OR. 


Reset 



Figure 3.5 (1). Port 0 


Figure 3.5 (2). Porti 
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Port 0 Register 



7 6 

5 ; 4 ; 3 i 2 

1 0 

bit Symbol 

P07 P06 

P05 P04 P03 P02 

P01 POO 

Read/Write 

R/W 

After reset 

Input mode (Output latch register becomes undefined.) 

Port 0 Control Register 


7 6 

5 ; 4 ; 3 ! 2 

1 i 0 

bit Symbol 

P07C P06C 

P05C I P04C : P03C : P02C 

poic •; pooc 

Read/Write 

w 1 

After reset 

0 i 0 

O ; 0 i 0 I 0 

0 i 0 1 


PO 
{0000H)r 


POCR 


0: IN 1 ;OUT (At external access, Port 0 becomes A07 - 0 and POCR is cleared to 0.) 


- Port 0 I/O setting 


Port 1 Register 



Input 


Output 


Read-modify*write is 
prohibited for registers POCR, 
P1CR. andPlFC. 


r: 


Port 1 function setting 




7 

6 

5 ; 4 1 3 

2 1 

0 

PI 

bit Symbol 

P17 

P16 

PIS P14 P13 

P12 

P11 

P10 

(0001H) 

Read/Write 

R/W 


After reset 

Input mode (Output latch register is cleared to "0".) 





Port 1 Control Register 






7 

6 

5 i 4 ; 3 

2 1 

0 

PKR 

bit Symbol 

P17C 

P16C 

P15C PMC P13C 

P12C 

Pile 

P10C 

(0004H) 

Read/Write 

- __ 1 


After reset 

0 

0 

0 1 0 i 0 

0 

0 



Function 

<<See PIFC below.>> | 





Port 1 Function Register 






7 

6 

5:4:3 

2 

1 

0 

PIFC 

bit Symbol 

P17F 

P16F 

P15F P14F P13F 

P12F 

P11F 

P10F 

(0005H) 

Read/Write 

w 1 


After reset 

0 

0 

0 i 0 i 0 

0 

0 



. 

Function 

P1FQP1CR = 00: IN, 01 : OUT, 10:AD15-8, 11 : A15-8 | 


''-''-vJP1FC<P1XF> 

PICR^^.^ 

<PlXC>^''->.^ 

0 

1 

0 

Input port 

Address data bus 
(A015-8) 

1 

Output port 

Address bus 
(A15-8) 


Note. <P1XF> isbitXinregislerPIFC; <P1XC>,in registerPICR. 


Figure 3.5 (3). Registers for Ports 0 and 1 
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3.5.3 Port 2 (P20 - P27) 

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis using the control register P2CR and function register 
P2FC. Resetting resets all bits of output latch P2, control regis¬ 
ter P2CR and function register P2FC to 0. It also sets Port 2 to 


input mode and connects a pull-down resistor. To disconnect 
the pull-down resistor, write 1 in the output latch. 

In addition to functioning as a general-purpose I/O port, 
Port 2 also functions as an address data bus (AO to 7) and an 
address bus (A16 to 23). 



Figure 3.5 (4). Port 2 
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Port 2 Register 



7 ; 6 i 5 ; 4 

3 

2 

1 : 0 

bit Symbol 

P27 P26 P25 P24 

P23 

P22 

P21 P20 

Read/Write 

R/W 

After reset 

Input mode (Output latch register is cleared to "0".) 


Port 2 Control Register 



7 

6 

5 

4 i 

3 

2 11^0 

bit Symbol 

P27C 

P26C 

P25C 

P24C 

P23C 

P22C P21C P20C 

ReadWrite 

w 1 

After reset 


0 

0 

0 1 

0 

o 

o 

o 

Function 

<<5eeP2FC below. >> | 


Port 2 Function Register 



Note : <P2XF> is bit X in register P2FC; <P2XC>; in register P2CR. 
To set as an address bus A23-' 16, set P2FC after setting P2CR. 


Figure 3.5 (5). Registers for Port 2 
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3.5.4 Port 3 (P30 - P37) 

Port 3 is an 8-bit general-purpose I/O port. 

I/O can be set on a bit basis, but note that P30 and P31 
are used for output only. I/O is set using control register P3CR 
and function register P3FC. Resetting resets all bits of output 
latch P3, control register P3CR (bits 0 and 1 are unused), and 
function register P3F0 to 0. Resetting also outputs 1 from P30 
and P31, sets P32 to P37 to input mode, and connects a pull- 
up resistor. 

In addition to functioning as a general-purpose I/O port. 
Port 3 also functions as an I/O for the CPU’s control/status sig¬ 
nal. 


With the TMP96C141AF, when P30 pin is defined as RD 
signal output mode (<P30F> = IJ^learing the output latch 
register <P30> to 0 outputs the RD strobe (used for the 
pseudo static RAM) from the P30 pin even when the internal 

address area is accessed. _ 

If the output latch register <P30> remains 1, the RD 
strobe signal is output only when the external address area is 
accessed. 

With the TMP96C141AF/TMP96C041 AF, which comes 
with an external ROM, Port 30 outputs the RD signal; P31, the 
WR signal, regardless of the values set in function registers 
P30FandP31F. 
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P3 read 


Figure 3.5 (6). Port 3 (P30, P31, P32, P35, P36, P37) 
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Internal data bus 


TLCS-900 16-bit Microcontroller 


TMP96C141AF 




Figure 3.5 (7). Port 3 (P33, P34) 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC, 


MCU900-31 









TMP96C141AF 


TLCS-900 16-blt Microcontroller 


Port 3 Register 


P3 

{0007H) 



7;6i5:4!3;2;i 

0 

bit Symbol 

P37 P36 P35 P34 P33 P32 P31 

P30 

Read/Write 

RW 1 

After reset 

Input mode (pulled-up) 

Output mode j 

1 i 1 i 1 i 1 ; 1 i 1 i 

1 



Port 3 Control Register 


P3CR 

(OOOAH) 



7 

6 

; 5 

4 

3 

2 

1 0 

bit Symbol 

P37C 

P36C 

: P35C 

P34C 

P33C 

P32C 


Read/Write 

W 


After reset 

0 

0 

1 0 i 

0 

0 

0 




0:IN 

1 :OUT 





^ i 


. I/O setting 


Port 3 Function Register 


0 

Input 

1 

Output 


P3FC 

(OOOBH) 



7 

6 

5 

4 


3 

2 

1 

0 

bit Symbol 

P37F 

P36F 

P35F 

P34F 



P32F 

P31F 

P30F 

Read/Write 

w 1 

After reset 

0 

0 

0 

0 



0 

0 

0 


0 : PORT 

0: PORT 

0 ; PORT 

0; PORT 



io: PORT 

io: PORT 

io; PORT 

Function 

1 

1 : R/W 

1 :BUSAK 

1:BUSRQ 



il :HWR 

il : WR 

h 


Read-modify-write is 
prohibited for registers 
P3CR and P3FC. 


• BUSRQ setting 


P3FC <P34F> 

1 

P3CR <P34C> 

0 


BUSAKsetting 


P3FC<P35F> 

1 

P3CR<P35C> 

1 


• R/W setting 


P3FC<P36F> 


P3CR <P36C> 

m 


RAS setting 


P3FC <P37F> 


P3CR <P37C> 

m 


^ P30 (RD) function setting 


\^30> 

<P3nFVs 

0 

1 

0 

"0* output 

"1" output 


Always'RD 

RD output only 

1 

output (for 

for external 


pseudo SRAM) 

access 


\^31> 

<P31F^ 

0 

1 

0 

"0" output 

"I" output 

1 

WR output only for 
external access 


- HWR setting 


P3FC <P32F> 


P3CR <P32C> 



Note; When P33/WAIT pin is used as a WAiT pin, set P#CR <P33C> to “0” and Chip SelectA/Vait controi register. 


Figure 3.5 (8). Registers for Port 3 


MCU900-32 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

































TLCS-900 16-bit Microcontroller 


TMP96C141AF 


In addition to functioning as a general-purpos e I/O port, 
Port 4 also functions as a chip select output signal (CSO to 
CS2 or CASO to CAS2). 


- Sets the P40 and P42 output latch registers to 1. 

- Resets all bits of the P42 output latch register, the control 
register P4CR, and the function register P4FC to 0. 

- Sets P40 and P41 to input mode and connects a pull-up 
resistor. 

- Sets P42 to input mode and connects a pull-down resistor. 


3.5.5 Port 4 (P40 - P42) 

Port 4 is a 3-bit general-purpose I/O port. I/O can be set on a 
bit basis using control register P40R and function register 
P4FC. Resetting does the following: 
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P4 read 


Figure 3.5 (9). Port 4 
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Port 4 Register 


P4 

(OOOCH) 


P4CR 

(OOOEH) 



7 

6 

5 

4 

3 

2 1 

0 

bit Symbol 






P42C P41C 

P40C 1 

Read/Write 






RM/ 

After reset 






Input mode 






0 (Pull-down) i 1 (Pull-up) 

1 (Pull-up) 1 


Port 4 Control Register 



7 

6 

5 

4 

3 

2 

1 0 

bit Symbol 






P42C 

P41C P40C 

Read/Write 






w 1 

After reset 






0 

0 ;■ 0 1 






0 : IN 1 ; OUT | 


I/O setting 


0 

Input 

1 

Output 


Port 4 Function Register 


P4FC 

(OOlOH) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 






P42F 

P41F 

P40F 

Read/Write 






W 

After reset 






0 

0 


Function 






0 : PORT 1 ; CS/CAS | 


Read-modify-write is not 
possible for P4CR or P4FC. 



0 

Port (P40) 

1 

CSO/CASO 


0 

Port{P41) 

1 

CST/CAST 


0 

Port(P42) 

1 

^/CAS2 


Note: To output chip select signal (CSO/CASO to CS2/CAS2), set the corresponding 
bits of the control register P4CR and the function register to P4FC. 

The BOGS, B1C S, an d B2CS registers of the chip select/wait controller are used 
to select the ^/CAS function. 


Figure 3.5 (10). Registers for Port 4 
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3.5.6 Port 5 (P50 - P53) 

Port 5 is a 4-bit input port, also used as an analog input pin. 



Figure 3.5 (11). Port 5 


Port 5 Register 



Note: The input channel selection of A/D Converter is set by A/D Converter mode register ADMOD2. 

Figure 3.5 (12). Registers for Port 5 
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3.5.7 Port 6 (P60 - P67) 

Port 6 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port 6 as an input port and connects 
a pull-up resistor. It also sets all bits of the output latch to 1. In 
addition to functioning as a general-purpose I/O port, Port 6 
also functions as a pattern generator PG0/PG1 output. PGO is 


assigned to P60 to P63; PG1, to P64 to P67. Writing 1 in the 
corresponding bit of the port 6 function register (P6FC) 
enables PG output. Resetting resets the function register 
P6FC value to 0, and sets all bits to ports. 


Reset 



Figure 3.5 (13). Port 6 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-37 









TMP96C141AF 


TLCS-900 16-bit Microcontroller 


Port 6 Register 


P6 

(0012H) 


P6CR 

(0014H) 


P6FC 
(0016H) 



7 i 6 ; 5 

4 I 3 ; 2 

1 : 0 

bit Symbol 

P67 P66 P65 

P64 P63 P62 

P61 P60 

Read/Write 


After reset 

Input mode (Pull-up) 

1 ; 1 ; 1 

1 i 1 1 1 



Port 6 Control Register 



Figure 3.5 (14). Registers for Port 6 
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3.5.8 Port 7 (P70 - P73) 

Port 7 is a 4-bit general-purpose I/O port. I/O can be set on bit 
basis. Resetting sets Port 7 as an input port and connects a 
pull-up resistor. In addition to functioning as a general-purpose 
I/O port, Port 70 also functions as an input clock pin TIO; Port 


71 as an 8-bit timer output (T01), Port 72 as a PWMO output 
nr02), and Port 73 as a PWM1 output (703) pin. Writing 1 in 
the corresponding bit of the Port 7 function register (P7FC) 
enables output of the timer. Resetting resets the function regis¬ 
ter P7FC value to 0, and sets all bits to ports. 



Figure 3.5 (15). Port 7 
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MCU900-40 


P7 

(0013H) 


Port 7 Register 



7 

6 

5 

4 

3 

2 1 

0 

bit Symbol 





P73 

P72 P71 

P70 

Read/Write 





R/W 

After reset 





Input mode (Pull-up) 





1 

1 1 



Port 7 Control Register 



Note : P70/TI0 pin does not have a register changing PORT/FUNCTION. 

For example, when it is used as an input port (P70), the input signal for P70 is inputted to 8bit Timer 0 
as a timer input 0 (TIO). 


Figure 3.5 (16). Registers for Port 7 
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3.5.9 Port 8 (P80 - P83) 

Port 8 is an 8-bit general-purpose I/O port. I/O can be set on a 
bit basis. Resetting sets Port 8 as an input port and connects 
a pull-up resistor. It also sets all bits of the output latch register 
P8 to 1. In addition to functioning as a general-purpose I/O 
port, Port 8 also functions as an input for 16-bit timer 4 and 5 


clocks, an output for 16-bit timer F/F 4, 5 and 6 output, and an 
input for INTO. Writing 1 in the corresponding bit of the Port 8 
function register (P8FC) enables those functions. Resetting 
resets the function register P8FC value to 0, and sets all bits to 
ports. 


(1) P80~P86 


Reset 



Figure 3.5 (17). Port 8 (P80 - P86) 
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(2) P87 (INTO) an INTO pin for external interrupt request input. 

Port 87 is a general-purpose I/O port, and also used as 



IIMC<IOIE> ||MC<IOLE> 


Figure 3.5 (18). Port 87 
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Port 8 Function Register 


7 

6 

5:4:3 

2 1 

0 

P8FC bit Symbol 

P86F 

P83F 

P82F 


(OOlCH) Read/Write 

W 

w 

W 

After reset 

0 

: 0 i 

0 


:0 : PORT ; 

io: PORT 

0: PORT i 


Function 

h;T06 

h:T05 

1 : T04 



Read-modify-write is 
prohibited for registers 

P8CR and P8FC. Setting P82 as T04 


P8FC<P82F> 

1 

P8CR <P82C> 

1 


Setting P83 as T05 


P8FC <P83F> 

11 

P8CR <P83C> 

□J 


Setting P84 as T06 


P8FC<P86F> 


P8CR<P86C> 

LZl 


Note ; P80/TI4, P81/T15, P84/TI6, P85/TI7 pins do not have a register changing PORT/FUNCTION. 
Therefore this is the same as P70/TI0 pin. 

When P87/1NT0 pin is used as an INTO pin. set P8CR<P87C> to "0" and 1IMC<I0IE> to "T. 


Figure 3.5 (19). Registers for Port 8 
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3.5.10 Port 9 (P90 - P95) 

Port 9 is a 6-bit general-purpose I/O port. I/Os can be set on a 
bit basis. Resetting sets Port 9 to an input port and connects a 
pull-up resistor. It also sets all bits of the output latch register to 
1 . 

In addition to functioning as a general-purpose I/O port, Port 9 
can also function as an I/O for serial channels 0 and 1. Writing 
1 in the corresponding bit of the port 9 function register (P9FC) 
enables this function. 


Resetting resets the function register value to 0 and sets 
all bits to ports. 

(1) Port 90 and 93 CTXDO/TXDI) 

Ports 90 and 93 also function as serial channel TXD 
output pins in addition to I/O ports. 

They have a programmable open drain function. 



Figure 3.5 (20). Ports 90 and 93 
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(2) Ports 91 and94(RXD0, 1) 

Ports 91 and 94 are I/O ports, and also used as RXD 


input pins for serial channels. 



Figure 3.5 (21). Ports 91 and 94 


(3) Port 92 (CTS/SCKLO) 

Port 92 is an I/O port. It is also used as a GTS input pin 


for serial channelO; additionally, the CTSO pin, and also 
as a SCKLO I/O pin. 



CTSO 


Figure 3.5 (22). Port 92 
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(4) Port 95 (SCLK) 

Port 95 is a general-purpose I/O port. It is also used as 


an SCLK I/O pin for serial channel 1. 



Figure 3.5 (23). Port 95 
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P9 

(0019H) 


P9CR 
(001BH) 


Port 9 Register 



7 

6 

5 

4 3 

2 1 1 ; 0 

bit Symbol 



P95 

P94 P93 

P92 P91 P90 

Read/Write 



R/W 

After reset 



Input mode 



1 

1 1 

’ ^ ’ 1 


Port 9 Control Register 



7 i 6 ; 5 

4 

3 

2 

j 1 

0 

bit Symbol 


P94C 

P93C 

P92C 

1 P91C 

P90C 

Read/Write 

i ^ 1 

After reset 

i 0 

0 

0 

0 

0 

0 

Function 


0: IN 


1 

:OUT 



___1 


Port 9 I/O setting 


0 

Input 

1 

Output 


Port 9 Function Register 


P9FC 
(001DH)| 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 



P95F 


P93F 

P92F 


P90F 

Read/Write 



W 


W 

W 


W 

After reset 



0 


0 

0 


0 

Function 



0: PORT 

1:SCLK1 


0 : PORT 

1:TxDI 

0: PORT 

1:SCLKO 


0: PORT 

1 :TxDO 


Note: Only the 

TMP96CM40/TMP96PM40/ 
TMP96C141AA’MP96C041A 
have register P92F. That is, 
SCLKO cannot be specified for 
theTMP96C141. 


' P90 TxDO output setting (Note) 


P9FC <P90F> 

1 

P9CR<P90C> 

1 


■ P93 TxDI output setting (Note) 


P9FC <P93F> 

H 

P9CR<P93C> 

CD 


P95 SCLK output setting 


P9FC<P95F> 


P9CR<P95C> 

tzl 


Note : To set the TxD pin to open drain, write 1 in bit 0 (for TxDO pin) or bit 1 (for TxDl pin) of the 
ODE register. 

P91/RXD0, P94/RXD1 pins do not have a register changing PORT/FUNCTION. 

Therefore this is the same as P70/TI0 pin. 


Figure 3.5 (24). Registers for Port 9 
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3.6 Chip Select/Wait Control 

TMP96C141AF has a built -in chip select/wai t contr oller used 
to control chip select (CSO - CS2 pins), wait (WAIT pin), and 
data bus size (8 or 16 bits) for any of the three block address 
areas. 

3.6.1 Control Registers 

Table 3.6 (1) shows control registers 

One block address areas are controlled by 1 -byte CS/ 
WAIT control registers (BOGS, B1CS, and B2CS). Registers 
can be written to only when the CPU is in system mode. (There 
are two CPU modes: system and normal.) The reason is that 
the settings of these registers have an important effect on the 
system. 

(1) Enable 

Control register bit 7 (BOE, B1E, and B2E) is a master 
bit used to specify enable (1)/disable (0) of the setting. 
Resetting BOE and B1E to disable (0) and B2E to 
enable (1). 

(2) System only specification 

Control register bit 6 (BOSYS, B1 SYS, and B2SYS) is 
used to specify enable/disable of the setting depend¬ 
ing on the CPU operating mode (system or normal). 
Setting this bit to 0 enables setting (Address space for 
CS, Wait state. Bus size, etc.) regardless of the CPU 
operating mode; setting it to 1 enables setting in sys¬ 
tem mode but disables setting in normal mode. 
Resetting clears bit 6 to 0. 

Bit 6 is mainly used when external memory data should 
not be accessed in normal mode (i.e., for system mode 
only memory data for the operating system). 

(3) CS/CAS Waveform select 

Control register bit 5 (BOCAS, B1 CAS, and B2CAS) is 
used to sp ecify wave for m mode ou tput from the chip 
select pin ( CSO/ C ASO - CS2/CAS2). Setting this bit to 
0 specifi es CSO to CS2 w aveforms; setting it to 1 
specifies CASO to CAS2 waveforms. 

Resetting clears bit 5 to 0. 

(4) Data bus size select 

Bit 4 (BOBUS, B1 BUS, and B2BUS) of the control reg¬ 


ister is used to specify data bus size. Setting this bit to 
0 accesses the memory in 16-bit data bus mode; set¬ 
ting it to 1 accesses the memory in 8-bit data bus 
mode. 

Changing data bus size depending on the access 
address is called dynamic bus sizing. Table 3.6 (2) 
shows the details of the bus operation. 

(5) Wait control 

Control register bits 3 and 2 (B0W1,0; B1W1,0; B2W1, 
0) are used to specify the number of waits. Setting these 
bits to 00 inserts a 2-state wait regardless of the WAIT 
pin status. Settin g them to 01 inserts a 1 -state wait 
regardless of the WAIT status. Setting them to 10 
inserts a 1 -state wait and samples the WAIT pin status. 
If the pin is low, inserting the wait maintains the bus 
cycle until the pin goes high. Setting them to 11 com¬ 
plete the bus cycle without a wait regardless of the 
WAIT pin status. 

Resetting sets these bits to 00 (2-state wait mode). 

(6) Address area specification 

Control register bits 1 and 0 (B0C1,0; B1 Cl, 0; B2C1, 
0) are used to specify the target address area. Setting 
these bits to 00 enables settings (CS output. Wait 
state. Bus size, etc.) as follows: 

* CSO setting enabled when 7F00H to 7FFFH is 
accessed. 

* CS1 setting enabled when 480H to 7FFFH is 
accessed. 

* CS2 setting enabled when 8000H to 3FFFFFFH is 
accessed, for the TMP96C141, which does not have a 
built-in ROM. 

CS2 setting enabled when 10000H to 3FFFFFH is 
accessed for the TMP96CM40/TMP96PM40, which 
has built-in 
ROM/PROM 

Setting bits to 01 enables settin g for all CS*s bl ocks 
and ou tputs a low strobe signal (CSO/CASO - CS2/ 
CAS2) from chip select pins when 400000H to 
7FFFFFH is accessed. Setting bits to 10 enables them 
800000H to BFFFFFH is accessed. Setting bits to 11 
enables them when COOOOOH to FFFFFFH is 
accessed. 
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Table 3.6 (1) Chip Select/Wait Control Register 


Code 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

BOGS 

BlockO 

GS/WAIT 

control 

register 

0068H 

BOE 

BOSYS 

BOGAS 

BOBUS 




BOCO 

W 

W 

W 

W 

W 

W 

w 

W 

0 

0 

0 




mom 


1; GS/GAS 
Enable 

1;SYSTEM 
only 

0:CSO 

1:GASO 

0:16-bit 

Bus 

1: 8-bit 

Bus 

00: 2WAIT 

01: 1WAIT 
10;1WAIT + n 

11: OWAIT 

00:7F00H~7FFFH 

01:400000H~ 
10:800000H~ 
11;G00000H- 

BIGS 

Block) 

GS/WAIT 

control 

register 

0069H 

B1E 

B1SYS 

BIGAS 

BIBUS 



B1C1 

B1C0 

W 

W 

W 


W 

w 

W 

W 

0 

0 

0 



mnQiiiiiii 



1 : GS/GAS 
Enable 

1:SYSTEM 
only 

0:C^ 

1 ; GAS1 

0; 16-bit 

Bus 

1:8-bit 

Bus 

00 ; 2WAIT 

01: 1WAIT 
10:1WAIT + n 

11 : OWAIT 

00 : 480H~7FFFH 

01:400000H ~ 

10:800000H ~ 

11 :G00000H~ 

B2GS 

Block2 

GS/WAIT 

control 

register 

006AH 

8:^ 

B2SYS 

B2GAS 

B2BUS 

B2W1 

B2W0 

B2G1 

B2C0 

, .... n.l-I MM. I„ 

i. 

W 

W 

W 

W 

W 

W 

W 

! r ' 

0 

0 

0 

0 

0 

0 

0 

1.^^" 

i 

1:SYSTEM 
only 

0:^ 

1;GAS2 

0:16-bit 

Bus 

1:8-bit 

Bus 

00: 2WAIT 

01; 1WAIT 
10:1WAIT+n 

11: OWAIT 

00:8000H~ 

01:400000H~ 
10:800000H~ 

11 :G00000H~ 


Note; With only block 2, enable (16-bit data bus, 2-wait mode) after reset. 
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Table 3.6 (2) Dynamic Bus Sizing 


Operand 

Operand 

Memory 

CPU Address 

CPU Data 

Data Size 

Start Address 

Data Size 

D15 - D8 

D7-D0 

8 bits 

2n + 0 

8 bits 

2n + 0 

xxxxx 

b7-b0 

(even number) 

16 bits 

2n + 0 

xxxxx 

b7-b0 


2n + 1 

8 bits 

2n + 1 

xxxxx 

b7-b0 


(odd number) 

16 bits 

2n + 1 

b7-b0 

xxxxx 



8 bits 

2n + 0 

xxxxx 

b7-b0 


2n + 0 

2n + 1 

xxxxx 

b15-b8 


(even number) 

16 bits 

2n + 0 

b15-b8 

b7-b0 

16 bits 


8 bits 

2n + 1 

xxxxx 

b7-b0 


2n + 1 

2n + 2 

xxxxx 

b15-b8 


(odd number) 

16 bits 

2n + 1 

2n + 2 

b7-b0 

xxxxx 

xxxxx 

b15-b8 




2n + 0 

xxxxx 

b7- bO 




2n + 1 

xxxxx 

b15- b8 


2n + 0 

8 bits 

2n + 2 

xxxxx 

b23-b16 


(even number) 


2n + 3 

xxxxx 

b31-b24 


16 bits 

2n + 0 

b15-b8 

b7- bO 


32 bits 


2n + 2 

b31-b24 

b23-b16 




2n + 1 


b7- bO 



xxxxx 




2n + 2 

xxxxx 

b15- b8 


2n + 1 

8 bits 

2n + 3 

xxxxx 

b23-b16 


(odd number) 


2n + 4 

xxxxx 

b31-b24 



2n + 1 

b7-b0 

xxxxx 




16 bits 

2n + 2 

2n + 4 

b23-b16 

xxxxx 

b15- b8 
b31-b24 


xxxxx: During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active. 
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3.6.2 Chip Select Image bytes) for CS1 are mapped there mainly for possible exten- 

An image of the actual chip select is shown below. Out of the sions to external RAM. 

whole memory area, address areas that can be specified are The addresses 80CX)H to 3FFFFFFH (approximately 

divided into four parts. Addresses from OOOOOOH to 3FFFFFH 4Mbytes) for CS2 are mapped mainly for possible extensions 
are divided differently: 7F00H to 7FFFH is specified for CSO; to external ROM. After reset, CS2 is enabled in 16-bit bus and 

480H to 7FFFH, for CS1; and 8000H to 3FFFFFH, for CS2. 2-wait. With the TMP96C141AF, which does not have a built- 

The reason is that a device other than ROM (i.e., RAM or I/O) ROM, the program is externally read at address 8000H in 
might be connected externally. this setting (16-bit bus, 2-wait). With the TMP96CM40F/ 

The addresses 7F00 to 7FFFH (256 bytes) for CSO are TMP96PM40F, which has a built-in ROM, addresses from 

mapped mainly for possible expansions to external I/O. 8000H to FFFFFH are used as the internal ROM area; CS2 is 

The addresses 480H to 7FFFH (approximately 31K disabled in this area. After reset, the CPU reads the program 

from the built-in ROM in 16-bit bus, 0-wait mode. 


OOOOOOH 
7F00H 
8000H 
400000H 
800000H 
COOOOOH 
FFFFFFH 

(Mainly for I/O) (Mainly for RAM) (Mainly for ROM) 



Supplement 1: Access priority is highest for b uilt -in I/O , then built-in memory, lowest for the chip select/wait controller. 

Supplement 2: External areas other than CSO to CS2 are accessed in 16-bit data bus (0 wait) mode. 

When using the chip select/wait controller, do not specify the same address area more than once. (However, when addresses 7F00H - 7FFFH 
for CSO and 480H - 7FFFH for CS1 are specified, in other words, specifications overlap, only the CSO setting/pin is active.) 
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3.6.3 Example of Usage nected to the TMP96C141AF. In this example, a ROM is con- 

Figure 3.6 (1) is an example in which an external memory is con- nected using 16-bit Bus; a RAM is connected using 8-bit Bus. 



Figure 3.6 (1). Example of External Memory Connection (ROM = 16 bits, RAM and I/O = 8 bits) 

Res etting sets pins CSO to CS2 to input port mod e. CS O low due to an internal pull-down resistor. The program used to 

and CS1 are set high due to an internal pull-up resistor; CS2, set these pins is as follows: 


P4CR 

EQU 

OEM 


P4FC 

EQU 

10H 


BOCS 

EQU 

68H 


B1CS 

EQU 

69H 


B2CS 

EQU 

6AH 


LD 

(BOCS). 90H 

; CSO = 8 bits, 2WAIT. 7F00H ~ 7FFFH 

LD 

(B1CS), 9CH 

:CS1= 8bits.0WAIT,480H~7EFFH 

LD 

(B2CS), 84H 

; CS2 = 16 bits, IWAIT, 8000H ~ 3FFFFFH 

LD 

(P4CR), 07H 

) CSO, CST, CS2 output mode setting 

LD 

(P4FC). 07H 
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3.6.4 How to Start with an 8-Bit Data Bus mode. To start in 8-bit data bus mode, a special operation is 

Resetting sets the CS2 pin low due to an internal pull-down required. Operation is as described in the example below: 

resistor; memory access starts in 16-bit data bus (2-wait) 


EQU 

6AH 

: CS2 register address 

ORG 

8000H 

: RESET address 

LDX 

(B2CS). 9CH 

;CS2 8-bit, OWAIT, 8000H ~ 


After reset, the program reads the LDX (B2CS), 9CH 
instruction in 16-bit data bus mode. LDX is a 6-byte instruc¬ 
tion: the 2nd, 4th and 6th bytes are handled as dummies (i.e. 
only codes in the 1 st, 3rd and 5th bytes are actually used). 
Even if starting in 8-bit data bus mode, it is possible to pro¬ 
gram so that the LDX instruction is executed and the block 2 


area (8000H - 3FFFFFH) is accessed In 8-bit data bus mode 
without any problem. 

_The above program does not include setting the P42/ 

CS2 pin to output; add a program to set the P4CR and P4FC 
registers as required. 


Address latch EPROM 



Operation after reset 


TLCS-900 EPROM 


8000H 

F7 


F7 

8001H 

77 

?? 

00 

8002 H 

6A 


6A 

8003 H 

?? 

■*- ?? 

00 

8004H 

9C 


9C 

8005H 

77 

^11 

00 


V — 




?? : don't care 


> LDX (6AH), 9CH 


J 
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3.7 8-blt Timers 

The TMP96C141AF contains two 8-bit timers (timers 0 and 1), 
each of which can be operated independently. The cascade 
connection allows these timers to be used as 16-bit timer. The 
following four operating modes are provided for the 8-bit tim¬ 
ers. 

• 8-bit interval timer mode (2 timers) 

• 16-bit interval timer mode (1 timer) 

• 8-bit programmable square wave pulse generation (PPG : 
variable duty with variable cycle) output mode (1 timer) 

• 8-bit pulse width modulation (PWM: variable duty with con¬ 


stant cycle) output mode (1 timer) 

Figure 3.7 (1) shows the block diagram of 8-bit timer 
(timer 0 and timer 1). 

Each interval timer consists of an 8-bit up-counter, 8-bit 
comparator, and 8-bit timer register. Besides, one timer flip- 
flop (TFF1) is provided for pair of timer 0 and timer 1. 

Among the input clock sources for the interval timers, the 
internal clocks of 0T1,0T4, 0T16, and 0T256 are obtained 
from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit 
timer are controlled by three control registers TMOD, TFFCR, 
and TRUN. 
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TFFCR<TFF1C1,0> 



Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers 0 and 1) 
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(D Prescaler 

This 9-bit prescaler generates the clock input to the 8- 
bit timers, 16-bit timer/event counters, and baud rate 
generators by further dividing the fundamental clock 
(fc) after it has been divided by 4 (fc/4). 

Among them, 8-bit timer uses four types of clock: 


0T1, 0T4, 0T16, and 0T256. 

This prescaler can be run or stopped by the timer 
operation control register TRUN <PRRUN>. Counting 
starts when <PRRUN> is set to “1 ”, while the prescaler 
is cleared to zero, and stops operation when 
<PRRUN> is set to “0”. Resetting clears <PRRUN> to 
“0”, which clears and stops the prescaler. 


Cyde 


clock 

16MH2 

20MHz 

{8/fc) 

0.5//S 

0.4//S 

5JT4 (32/fc) 

2 . 0 ms 

1.6//S 

,JT1 6 (128/fc) 

8.0//S 

6.4^fS 

,51256 (2048/fc) 

128//S 

102//S 


VHO ,ST1 ,572 ^74 ^78 ^716 ,1732 ^7256 



(System dock) 





Figure 3.7 (2). Prescaler 


@ Up-counter 

This is an 8-bit binary counter which counts up by the 
input clock pulse specified by TMOD. 

The input clock of timer 0 is selected from the external 
clock from T10 pin and the three internal clocks 0T1 
(8/fc), 0T4 (32/fc), and 0T16 (128/fc), according to the 
set value of TMOD register. 

The input clock of timer 1 differs depending on the 
operation mode. When set to 16-bit timer mode, the 
overflow output of timer 0 is used as the input clock. 
When set to any other mode than 16-bit timer mode, 
the input clock is selected from the internal clocks 0T1 
(8/fc), 0T16 (128/fc), and 0T256 (2048/fc) as well as 
the comparator output (match detection signal) of 
timer 0 according to the set value of TMOD register. 


Example : When TMOD <T10M1,0> = 01, the over 
flow output of timer 0 becomes the input 
clock of timer 1 (16 bit timer mode). 

When TMOD <T10M1,0> = 00 and TMOD 
<T10LK1,0> = 01, 0T1 (8/fc) becomes 
the input of timer 1 (8 bit timer mode). 

Operation mode is also set by TMOD register. When 
reset, it is initialized to TMOD <T01 Ml, 0> = 00 
whereby the up-counter is placed in the 8-bit timer 
mode. 

The counting and stop and clear of up-counter can be 
controlled for each interval timer by the timer operation 
control register TRUN. When reset, all up-counters will 
be cleared to stop the timers. 
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Note: 


(D Timer register 

This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1, 
matches the value of up-counter, the comparator 
match detect signal becomes active. If the set value is 
OOH, this signal becomes active when the up-counter 
overflows. 

Timer register TREGO is of double buffer structure, 
each of which makes a pair with register buffer. 

The timer flip-flop control register TFFCR <DBEN> bit 
controls whether the double buffer structure in the 


TREGO should be enabled or disabled. It is disabled 
when <DBEN> = 0 and enabled when they are set to 
1 . 

In the condition of double buffer enable state, the data 
is transferred from the register buffer to the timer regis¬ 
ter when the 2 ^-^ overflow occurs in PWM mode, or at 
the PPG cycle in PPG mode. Therefore, during timer 
mode, the double buffer cannot be used. 

When reset, it will be initialized to <DBEN> = 0 to dis¬ 
able the double buffer. To use the double buffer, write 
data in the timer register, set <DBEN> to 1, and write 
the following data in the register buffer. 


Up-counter 



Matching detection of PPG 
cycle 

2n - 1 overflow of PWM 
TREGO WR 


Internal bus 


Figure 3.7 (3). Configuration of Timer Register 0 


Timer register and the register buffer are allocated to the same the register buffer as well as the timer register, while when <DBEN> 

memory address. When <DBEN> = 0, the same value is written in = 1 only the register buffer is written. 


The memory address of each timer register is as fol¬ 
lows. 

TREGO: 000022H 
TREG1:000023H 

All registers are write-only and cannot be read. 

® Comparator 

A comparator compares the value in the up-counter 
with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 
interrupt signal (INTTO, INTT1) is generated. If the timer 


flip-flop inversion is enabled, the timer flip-flop is 
inverted at the same time. 

(D Timer flip-flop (timer F/F: TFF1) 

The status of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
and the value can be output to the timer output pins 
T01 (also used as P71). 

A timer F/F is provided for a pair of timer 0 and timer 1 
and is called TFF1. TFF1 is output to T01 pin. 
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7 

6 

5 : 4:312 

1 0 

bit Symbol 

PRRUN 


T5RUN i T4RUN i PI RUN j PORUN 

TIRUN i TORUN 

Read/Write 

R/W 


RAA/ 1 

After reset 

0 


0 : 0 : 0 : 0 

0 : 0 1 

Function 

Prescaler & Timer Run/Stop CONTROL 

0 : Stop & Clear 

1 : Run (Count up) 




Count Operation 


0 

stop and clear 

1 

Count 


PRRUN 
T5RUN 
T4RUN 
P1RUN 
PORUN 
T1RUN 
TOR UN 


Operation of prescaler 
Operation of 16-bit timer (timerS) 
Operation of 16-bit timer (timer4) 
Operation of PWM timer (PWM 1/timer3) 
Operation of PWM timer (PWM0/timer2) 
Operation of 8-bit timer (timerl) 
Operation of 8-bit timer (timerO) 


Figure 3.7 (4). Timer Operation Control Register (TRUN) 
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TMOD 

(0024H) 



7 6 

5 4 

3 

2 

1 0 

bit Symbol 

T10M1 : T10M0 

PWMMl i PWMMO 

TlCLKl 

TICLKO 

TOCLKl i TOCLKO 

Read/Write 

w I 

After reset 

0 0 

0 0 

0 

0 

0 0 


Operation mode 

PWM cycle 

Source clock of timerl 

Source clock of timerO 


00: 8bit Timer 

00 : - 

00:TO0TRG 

00;TI0 

Function 

01: 16bit Timer 

01:26-1 

01 : yiTl 


01 : ^T1 


10: SbitPPG 

10 : 27-1 

10:^T16 


10 : ^T4 


11: 8bit PWM 

i_ 

11 : 28-1 

11: ^T256 

11: fiTie 


_^^^_1 


Prohibit Read 
Modify Write 


Input clock of timer 0 


00 

External Input (TIO) 

01 

jjTl (Prescaler) 

10 

if>lA (Prescaler) 

11 

^T16 (Prescaler) 


^ Input clock of timer 1 



TMOD<T10M1.0>=^01 

TMOD 

<T10M1.0>»01 

00 

Comparator output 
of timer 0 

0 V e r f 1 0 w 
output of timer 

0 

01 

Internal clock ^T1 


10 

Internal clock ^T16 

(16-bit timer 

11 

Internal clock ^T256 

mode) 


' Select PWM cycle 


00 

— 

01 

26-1 

10 

27-1 

11 

28-1 


Set the operation mode of 
■ timer 0 and 1. 


00 

Two 8-bit timers 
(timer 0 and timer 1) 

01 

16-bit timer 

10 

8-bit PPG output 

11 

8-bit PWM output (timer 0) 

+ 8-bit timer (timer 1) 


Figure 3.7 (5). Timer Mode Control Register (TMOD) 
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TFFCR 

(0025H) 




6 

5 

4 

3 

2 

_1_:_2_1 

bit Symbol 



OBEN 

TFF1C1 

TFFlCO 

TFF1IE 

TFFl IS 

Read/Write 



R/W 

W 

R/W 

After reset 



0 

0 

0 

0 

0 

Function 


Double 
buffer : 

0: Disable : 

1: Enable 

00: InvertTFFl 

01: SetTFFl 

10: ClearTFFl 

11: don't care 

Ajways read as 

TFFl 

Inversion 

trigger 

0: Disable 

1: Enable 

TFFl 

Inversion 

source 

0: Timer 0 

1: Timer 1 


Select inverse signal of timer F/F1 
("Don't care" except in 8-bit timer mode) 



TMOD<T10M1,0 
> =00 

01 

10 

11 

0 

Inversion by 
timerO match 
signal 

16-bit timer mode 
Inversion by 
match signal 

PPG mode 
Inversion by 
match signal of 
each timer 0 and 

timer 1 

PWM mode 
Inversion by 
match and 
overflow signal 
of timer 0 

1 

Inversion by 
timer 1 match 
signal 



■*- Inversion of Timer F/F1 (TFFl) 


0 

Disable invert 

1 

Enable invert 


Control of Timer F/F1 (TFFl) 


00 

Invert the value of TFF1 
(software inversion) 

01 

Set TFFl to "1”. 

10 

Clear TFFl to "0". 

11 

Don't care 


Double Buffer Control of TREGO 


0 

Disable double Buffer 

1 

Enable double Buffer 


Figure 3.7 (6). Timer Flip-Flop Control Register (TFFCR) 
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The operation of 8-bit timers will be described below: (D Generating interrupts in a fixed cycle 


(1) 8-bit timer mode 

Two interval timers 0, 1, can be used independently as 
8-bit interval timer. All interval timers operate in the 
same manner, and thus only the operation of timer 1 
will be explained below. 


To generate timer 1 interrupt at constant intervals using 
timer 1 (INTT1), first stop timer 1 then set the operation 
mode, input clock, and a cycle to TMOD and TREG1 
register, respectively. Then, enable interrupt INTT1 and 
start the counting of timer 1. 


Example: To generate timer 1 interrupt every 40 
microseconds at fc = 16 MHz, set each 
register in the following manner. 




MSB 

7 

6 5 

4 

3 

2 

1 

LSB 

0 

TRUN 

4- 

- 

X 

- 

- 

- 

0 

- 

TMOD 


0 

0 X 

X 

0 

1 

- 

- 

TREG1 

4- 

0 

1 0 

1 

0 

0 

0 

0 

INTET10 

<- 

1 

1 0 

1 

- 

- 

- 

- 

TRUN <- 

Note: x; don’t 

1 

care 

X - - 

no change 

— 

— 

1 

— 


Stop timer 1, and clear it to "0”. 

Set the 8-bit timer mode, and select 0T1 (0.5ps @ fc = 16MHz) as the input clock. 

Set the timer register at 40ps 0T1 = 50H. 

Enable INTT1, and set it to “Level 5”. 

Start timer 1 counting. 


Use the following table for selecting the input clock. 


Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock 


Input Clock 

Interrupt Cycle 
(at fc» 16MHz) 

Resolution 

interrupt Cycle 
(at fc» 20MHz) 

Resolution 

0T1 (8/fc) 

O.Sps- 128ms 

0.5ms 

0.4ms - 102.4ms 

0.4ms 

0T4{32/fc) 

2ms-512ms 

2ps 

1.6ms - 409.6ms 

1.6ms 

0T16{128/fc) 

8ms - 2.048ms 

8ms 

6.4ms -1.638ms 

6.4ms 

0T256(2O48/fc) 

128ms - 32.708ms 

128ms 

102.4ms - 2.621ms 

128ms 


Note: The input clock of timer 0 and timer 1 are different from as follows: 
Timer 0: T10 input, 0T1, ^T4, 0T16 
Timer 1: Match Output of Timer 0, ^T1, 0T16, 0T256 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-61 







TMP96C141AF 


TLCS-900 16-bit Microcontroller 


@ Generating a 50% duty square wave pulse 

The timer flip-flop (TFF1) is inverted at constant inter¬ 
vals, and its status is output to timer output pin (T01). 


T01 pin at fc = 16MHz, set each register in 
the following procedures. Either timer 0 or 
timer 1 may be used, but this example uses 
timer 1. 


Example: To output a 3.0ns square wave pulse from 


TRUN 

TMOD 


7 6 5 4 3 2 1 
- X - - - - 0 
0 0 X X 0 1- 


Stop timer 1, and clear it to "0”. 

Set the 8-bit timer mode, and select 0T1 (0.5)js @ fc = 16MHz) as the input clock. 


TREG1 ^ 0 0 

TFFCR «- - - 


0 0 11 Set the timer register at 3.0 ms+0T1+2 = 3. 

10 11 Clear TFF1 to "0”, and set to invert by the match detect signal from timer! 


P7CR <- X X 

P7FC X X 

TRUN ^ 1 X 


) Select P71 as T01 pin. 

1 X ' 

1 - Start timer 1 counting. 


Note: x; don’t care no change 


TRUN 

<T1RUN> 

BIT7~2“ 



Figure 3.7 (7). Square Wave (50% Duty) Output Timing Chart 
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(D Making timer 1 count up by match signal from timer 
0 comparator 


Set the 8-bit timer mode, and set the comparator out¬ 
put of timer 0 as the input clock to timer 1. 


Comparator output 
(Timer 0 match) 


fi_ri 


Timer 0 up-counter 
(when TREGO = 5) 

Timer 1 up-counter 1 X 2 A 1 

(when TREG1 = 2) - - rw__ 

Timer 1 match output .———..J " ! ,,. - — 



Figure 3.7 (8). Timer 1 Count Up by Timer 0 


® Output inversion with software 

The value of timer flip-flop (TFF1) can be inverted, inde¬ 
pendent of timer operation. 

Writing “00” into TFFCR <TFF1 C1,0> (memory 
address: 000025h of bit 3 and bit 2) inverts the value of 
TFF1. 

(D Initial setting of timer flip-flop (TFF1) 

The value of TFF1 can be initialized to “0” or “1”, inde¬ 
pendent of timer operation. 

For example, write “10” in TFFCR <TFF1 Cl, 0> to 
clear TFF1 to “0”, while write “01 ” in TFFCR <TFF1 Cl, 
0> to set TFF1 to “1 ”. 


Note: The value of timer register cannot be read. 

(2) 16-bit timer mode 

A16-bit interval timer is configured by using the pair of 
timer 0 and timer 1. 

To make a 16-bit inten/al timer by cascade connecting 
timer 0 and timer 1, set timer 0/timer 1 mode register 
TMCD<T10M1,0>to“0, 1”. 

When set in 16-bit timer mode, the overflow output of 
timer 0 will become the input clock of timer 1, regard¬ 
less of the set value of TMCD <T 1CLK1,0>. Table 3.7 
(2) shows the relation between the cycle of timer (inter¬ 
rupt) and the selection of input clock. 


Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 


input Clock 

Interrupt Cycle 
(at fc» 16MHz) 

Resolution 

Interrupt Cycle 
(at fc» 20MHz) 

Resolution 

0T1 (8/fc) 

0.5ps ~ 32.786ms 

0.5ps 

0.4ms ~ 26.214ms 

0.4ms 

(^T4(32/fc) 

2ps~ 131.072ms 

2ms 

1.6ms~ 104.857ms 

1.6ms 

0T16(128/fc) 

8|js ~ 524.288ms 

8ps 

6.4ms ~ 419.430ms 

6.4ms 
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The lower 8 bits of the timer (interrupt) cycle are set by 
the timer register TREGO, and the upper 8 bits are set 
by TREG1. Note that TREGO always must be set first. 
(Writing data into TREGO disables the comparator tem¬ 
porarily, and the comparator is restarted by writing 
data into TREG1.) 

Setting example: To generate an interrupt INTT1 every 
0.5 seconds at fc = 16MHz, set the 
following values for timer registers 
TREGO and TREG: 

When counting with input clock of 
0T16(8ns@16MHz) 

0.5 sec - 8|lis = 62500 = F424H 

Therefore, set TREG1 = F4H and 
TREGO = 24H, respectively. 


The comparator match signal is output from timer 0 
each time the up-counter UCO matches TREGO, where 
the up-counter UCO is not to be cleared. 

With the timer 1 comparator, the match detect signal is 
output at each comparator timing when up-counter 
UC1 and TREG1 values match. When the match 
detect signal is output simultaneously from both com¬ 
parators of timer 0 and timer 1, the up-counters UCO 
and UC1 are cleared to “0”, and the interrupt INTT1 is 
generated. If inversion is enabled, the value of the timer 
flip-flop TFF1 is inverted. 

Example: When TREG1 = 04H and TREGO = 80H 


Timer 0 comparator 

match detect signal [] ji 


Interrupt INTT1 


0280H 0380H 0480H 



jl 


Timer outputTOI 


\ Inversio n 


Figure 3.7 (9). Output Timer by 16-Bit Timer Mode 


(3) 8-bit PPG (Programmable Pulse Generation) Output 
mode 

Square wave pulse can be generated at any frequency 
and duty by timer 0 and timer 1. The output pulse may 
be either low-active or high-active. In this mode, timer 
1 cannot be used. 

Timer 0 outputs pulse to T01 pin (also used as P70). 
In this mode, a programmable square wave is gener¬ 
ated by inverting timer output each time the 8-bit up- 


counter (UCO) matches the timer registers TREGO and 
TREG1. 

However, it is required that the set value of TREGO is 
smaller than that of TREG1. 

Though the up-counter (UC1) of timer 1 is not used in 
this mode, UC1 should be set for counting by setting 
TRUN<T1RUN>to1. 

Figure 3.7 (11) shows the block diagram for this mode. 
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H- » H--►! 



Figure 3.7 (10). 8-Bit PPG Output Waveforms 


T01 



Internal bus 


Figure 3.7 (11). Block Diagram of 8-Bit PPG Output Mode 
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When the double buffer of TREGO is enabled in this Use of the double buffer makes easy handling of low duty 

mode, the value of register buffer will be shifted in TREGO each waves (when duty is varied). 
timeTREGI matches UCO. 


Match with TREGO 
and up-Counter __ 

n 

n 



(Up-counter = Q,) 

(Up-counter = Q 2 ) 


Match with TREG 1 _ 


__ 


{ Shift from register buffer 

TREGO 

Qi 


Q 2 

(Valu6 to bs compared) •— 




Registe buffer __ 


) 

[ Q3 



\ 

TREG 0 (register buffer) 
write 

Figure 3.7 (12). Operation of Register Buffer 



Example: Generating 1/4 duty 50KHz pulse @ fc = 16MHz) 




0//S 


• Calculate the value to be set for timer register. 

To obtain the frequency 50KHz, the pulse cycle t 
should be: t = 1/50KHz = 20ns. 

Given 0T1 = O.Sps @ 16MHz), 

20ns 0.5ns = 40 

Consequently, to set the timer register 1 (TREGI) to 


TREG1 = 40 = 28H and then duty to 1/4, t x 1/4 = 
20ns X 1/4 = 5ns 

5ns ^ 0.5ns = 10 

Therefore, set timer register 0 (TREGO) to TREGO = 10 
= 0AH. 




7 

6 

5 

4 

3 

2 

1 

0 


TRUN 

<- 

- 

X 

- 

- 

- 

- 

0 

0 

Stop timer 0, and clear it to “0”. 

TMOD 

<- 

1 

0 

X 

X 

X 

X 

0 

1 

Set the 8-bit PPG mode, and select 0T1 as input clock. 

TREGO 

<r- 

0 

0 

0 

0 

1 

0 

1 

0 

Write “OAH". 

TREGI 

<— 

0 

0 

1 

0 

1 

0 

0 

0 

Write “28H”. 

TFFCR 

<r- 

- 

- 

- 

1 

0 

I_ 

^1 

1 

X 

Sets TFF1 and enables the inversion and double buffer enable. 

—► Writing “10” provides negative logic pulse. 

P7CR 

<- 

X 

X 

X 

X 

- 

- 

1 

- 

) Set P71 as T01 pin. 

P7FC 

<r- 

X 

X 

X 

X 

- 

- 

1 

X 

TRUN 

Note: 

<- 

x; don’t 

1 

care 

X 

; no change 

~ 


1 

1 

Start timer 0 and timer 1 counting. 
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(4) 8-bit PWM Output mode 

This mode is valid only for timer 0. In this mode, maxi¬ 
mum 8-bit resolution of PWM pulse can be output. 
PWM pulse is output to T01 pin (also used as P71) 
when using timer 0. Timer 1 can also be used as 8-bit 
timer. 

Timer output is inverted when up-counter (UCO) 
matches the set value of timer register TREGO or when 
2n -1 (n = 6, 7, or 8; specified by T01 MOD <PWM01, 


0>) counter overflow occurs. Up-counter UCO is 
cleared when 2n -1 counter overflow occurs. For 
example, when n = 6, 6-bit PWM will be output, while 
when n = 7, 7-bit PWM will be output. 

To use this PWM mode, the following conditions must 
be satisfied. 

(Set value of timer register) <(Set value of 2*^ -1 
counter overflow) 

(Set value of timer register ^ 0) 



Figure 3.7 (13). 8-Bit PWM Waveforms 
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Figure 3.7 (14) shows the block diagram of this mode. 


TIO- 

?^T1- 

j^T4- 

^T16- 


t t 


TMOD <T0CLK1,0> 


Selector 




Clear 

4 

Selector 


8-bit up-counter 

(UCO) 

TFF 


‘ I 



TFFCR 

^<TFF1C1.0. 

TFF1IE,TFF1IS> 




Comparator 
-- 


TREGO 


TREGO-WR- 


Shift trigger 


TFFCR <DBEN> 


Register buffer 

31 


Internal bus 




20-1 
overflow 
control 


TMOD 
<T10M1, 
TMOD 
<PWMM1.0> 


Overflow 


INTTO 


Figure 3.7 (14). Block Diagram of 8-Bit PWM Mode 


In this mode, the value of register buffer will be shifted in Use of the double buffer makes the handling of small duty 

TFiEGO if 2^ -1 overflow is detected when the double buffer of waves easy. 

TREGO is enabled. 


Match with TREGO 


2n - 1 overflow 

Up-counter = Qi 

Up-counter = Qz 

_il_ 


( Shift into TREGO 

TREGO 

Qi 

^ Q2 


(value to be compared) 




Register buffer 

02 

_X_ 

03 


. . 

V— TREGO (register buffer) 


write 


Figure 3.7 (15). Operation of Register Buffer 

Example: To output the following PWM waves to T01 pin at fc = 16MHz. 



To realize 63.5|is of PWM cycle by 0T1 = 0.5ps {@ fc = 
16MHz), 

63.5(18 +0.5ns = 127 = 2^-1 


Consequently, n should be set to 7. 

As the period of low level is 36ps, for 0T1 = 0.5|is, set the 
following value for TREGO: 


36ms - 0.5ms = 72 = 48H 
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MSB 

7 

6 

5 

4 

3 

2 

1 

LSB 

0 


TRUN 

<r- 

- 

X 

- 

- 

- 

- 

- 

0 

stop timer 0, and clear it to "0”. 

TMOD 

<- 

1 

1 

1 

0 

- 

- 

0 

1 

Set 8-blt PWM mode (cycle: 2^ -1) and select 0T1 as the input clock. 

TREGO 

f- 

0 

1 

0 

0 

1 

0 

0 

0 

Write “48H". 

TFFCR 

<- 

X 

X 

X 

X 

1 

0 

1 

X 

Clears TFF1. enables the inversion and double buffer. 

P7CR 

<- 

X 

X 

X 

X 

- 

- 

1 

- 

) Set P71 as the T01 pin. 

P7FC 

4- 

X 

X 

X 

X 

- 

- 

1 

X 

TRUN 

'Jote: 

4- 

x; don’t 

1 

care 

X 

; no change 


“ 

— 

1 

Start timer 0 counting. 


Table 3.7 (3) PWM Cycle and the Setting of 2" -1 Counter 



PWM Cycle (@fc =16MHz) 

PWM Cycle (@ fc = 20 MHz) 


0T1 

0T4 

0T16 

0T1 

0T4 

0T16 

2®-1 

2''-1 

2®-1 

31.5ijsec (31.7kHz) 
63.5Msec (15.7kHz) 
127Msec (7.8kHz) 

126msec (7.9kHz) 
254msec (3.9kHz) 
510msec (1.9kHz) 

0.50Msec (1.9kHz) 
I.Olpsec (0.98kHz) 
2.04Msec (0.49kHz) 

25.2Msec (39.0kHz) 
50.8|jsec (19.7kHz) 
102Msec (9.80kHz) 

lOOpsec (10.0kHz) 
203Msec (4.9kHz) 
408MSec (2.4kHz) 

0.40msec (2.4kHz) 
0.81msec (1.2kHz) 
1.63msec (0.61kHz) 


(5) Table 3.7 (4) shows the list of 8-bit timer modes. 


Table 3.7 (4) Timer Mode Setting Registers 


Register Name 

TMOD 

TFFCR 

Name of Function in 

T10M 

PWMM 

T1CLK 

TOCLK 

TFF1IS 

Function 

Timer Mode 

PWMO Cycle 

Upper Timer 
input Ciock 

Lower Timer 
input Ciock 

Timer F/F Invert 
Signal Select 

16-bit timer mode 

01 

- 

- 

External clock, 

0T1,0T4,0T16 
(00,01,10,11) 

- 

8-bit timer X 2 channels 

00 

- 

Lower timer match ; 
0T1,0T16,0T256 
(00,01,10,11) 

External clock, 

0T1,0T4,0T16 
(00,01,10,11) 

0: Lower timer output 

1: Upper timer output 

8-bit PPG X1 channel 

10 

- 

- 

External clock, 

0T1,0T4,0T16 
(00,01,10,11) 

- 

8-bit PWM X1 channel 

11 

2®-1,2^-1,2*-1 

(01,10,11) 

- 

External clock, 

0T1,0T4,0T16 
(00,01,10,11) 

- 

8-bit timer x1 channel 

11 

- 

0T1,0T16,0T256 

(01,10,11) 

- 

Output disabled 


Note: don’t care 
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3.8 8-Bit PWM Timer 

The TMP96C141AF/TMP96CM40F/TMP96PM40F has two 
built-in 8-bit PWM timers (timers 2 and 3). 

They have two operating modes. 

• 8-bit PWM (pulse width modulation: variable duty at fixed 
interval) output mode 

• 8-bit interval timer mode 


Figure 3.8 (1) is a block diagram of 8-bit PWM timer (tim¬ 
ers 2 and 3). 

PWM timers consist of an 8-bit up-counter, 8-bit com¬ 
parator, and 8-bit timer register. Two timer flip-flops (TFF2 for 
timer 2 and TFF3 for timer 3) are provided. 

Input clocks 0P1,0P4, and ^16 for the PWM timers can 
be obtained using the built-in prescaler. 

PWM timer operating mode and timer flip-flops are con¬ 
trolled by four control registers (POMOD, P1MOD, PFFCR, and 
TRUN). 
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TRUN <PRRUN> 



Internal bus 


Figure 3.8 (1). Block Diagram of 8-Bit PWM Timer 0 (Timer 2) 

Note: Block diagram for 8-bit PWM timer 1 (timer 3) is the same as the above diagram. 
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© Prescaler 

Generates input clocks dedicated to PWM timers by 
further dividing the fundamental clock (fc) after it has 
been divided by 2 (fc/2). Since the register used to 
control the prescaler is the same as the one for other 
timers, the prescaler cannot be operated indepen¬ 
dently. 


The PWM timer uses three input clocks: ^P1, ^P4, 
and 0/P16. 

Like the 9-bit prescaler described in the 8-bit timer 
section, this prescaler can be counted/stopped using 
bit 7 <PRRUN> of the timer operation control register 
TRUN. Setting <PRRUN> to 1 starts counting; setting 
it to 0 zero-dears and stops counting. Resetting clears 
<PRRUN> to 0, v\/hich clears and stops the prescaler. 


Dedicated Prescaler Cycle 



TRUN <PRRUN> 



Figure 3.8 (2). Prescaler 


(D Up-counter 

An 8-bit binary counter which counts up using the 
input clock specified by PWM mode register (POMOD 
orPIMOD). 

The input clock for the PWM0/PWM1 is selected from 
the internal clocks 0P1, 0P4, and 0P16 (PWM dedi¬ 
cated prescaler output) depending on the value set in 
the POMOD/P1 MOD register. 

Operating mode is also set by POMOD and P1 MOD 
registers. At reset, they are initialized to POMOD 
<PWM0M> = 0 and P1 MOD <PWM1 M> = 0, thus, the 
up-counter is in PWM mode. In PWM mode, the up- 
counter is cleared when a 2*^ -1 overflow occurs; in 
timer mode, the up-counter is cleared at compare and 


match. 

Count/stop and clear of the up-counter can be con¬ 
trolled for each PWM timer using the timer operation 
control register TRUN. Resetting clears all up-counters 
and stops timers. 

(D Timer registers 

Two 8-bit registers used for setting an interval time. 
When the value set in the timer registers (TREG 2 and 
3) matches the value in the up-counter, the match 
detect signal of the comparator becomes active. 

Timer registers TREG2 and TREG3 are each paired 
with register buffer to make a double buffer structure. 
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TREG2 and TREG3 are controlled double buffer 
enable/disable by POMOD <DB2EN> and P1 MOD 
<DB3EN> : disabled when <DB2EN>/<DB3EN> = 0, 
enabled when <DB2EN>/<DB3EN> = 1. 

Data is transferred from register buffer to timer when a 
2 '^ -1 overflow occurs in the PWM mode, or when 
compare and match occurs in 8-bit timer mode. That 
is, with a PWM timer, the timer mode can be operated 


In double buffer enable state, unlike timer mode for 
timers 0 and 1. 

At reset, <DB2EN>/<DB3EN> is initialized to 0 to dis¬ 
able double buffer. To use double buffer, write the data 
in the timer register at first, then set <DB2EN>/ 
<DB3EN> to 1, and write the following data in the reg¬ 
ister buffer. 


Up-counter 



Internal bus <DB2EN>/<DB3EN> 


8-bit match detect 
PWM2n-i overflow 

TREG2/3 WR 


Figure 3.8 (3). Structure of Timer Registers 2 and 3 


Note: The timer register and register buffer are allocated to the same 

memory address. When <DB2EN>/<DB3EN> = 0, the same value 
is written to both register buffer and timer register. When <DB2EN>/ 
<DB3EN> = 1, the value is written to the register buffer only. 

Memory addresses of the timer registers are as follows: 

TREG2 : 000026H 

TREG3 : 000027H 


Both timer registers are write only; however, register 
buffer values can be read when reading the above 
addresses. 

@ Comparator 

Compares the value in the up-counter with the value in 
the timer register (TREG2/TREG3). When they match. 


the comparator outputs the match detect signal. A 
timer interrupt (INTT2/INTT3) is generated at compare 
and match if the interrupt select bit <PWM01 NT>/ 
<PWM1 NT> of the mode register (POMOD/P1 MOD) is 
set to 1. In timer mode, the comparator clears the up- 
counter to 0 at compare and match. It also Inverts the 
value of the timer flip-flop if timer flip-flop invert is 
enabled. 

(D Timer flip-flop 

The value of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
or 2*^ -1 overflow. The value can be output to the timer 
output pin T02/T03 (also used as P72/P73). 
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7 

6 

5 

4 

3 2 

1 0 

bit Symbol 

FF2RD 

DB2EN 

PWMOINT 

PWMOM 

T2CLK1 i T2CLK0 

PWM0S1 i PWMOSO 

ReadAA/rite 

R 

W 1 

After reset 

- 

0 

0 

0 

0 0 

0 0 

Function 

Flip-flop 

(F/F2) 

output 

data 

1: Double 

Buffer2 

Enable 

0: 2n-1 

overflow 

ititerropt 

1 : compare 
& match 

interrupt 

0; PWM 
mode 

1: Timer 
mode 

00: vJPl (fc/4) 

01: 9jP4(fc/16) 

10: viP16(fc/64) 

11: Don't care 

00:26-1 

01: 27-1 

10:28-1 

11: Don't care 


Read-modify-write is 
prohibited. 


Select PWMO cycle 


00 

26-1 

01 

27-1 

10 

28-1 

11 

Don't care 


Select PWMO input clock 


00 

PI (fc/4) 

01 

<(> P4 (fc/16) 

10 

^P16(fc/64) 

11 

Don't care 


select PWMO mode 


0 

PWM mode 

1 

8-bit timer mode 


select PWMO interrupt 


0 

Overflow interrupt 

1 

Compare and match 
interrupt 


control double buffer 


0 

Disable 

1 

Enable 


PWM timer Flip-flop2 (TFF2) 
output value (T02) 


Figure 3.8 (4). 8-Bit PWMO Mode Control Register 
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PIIVIOD 

(0029H) 



7 

6 5 

4 3 

2 i 1 i 0 

bit Symbol 

FF3RD 

DB3EN jPWMIlNT 

PWM1M : T3CLK1 

T3CLK0 ; PWMl SI ! PWM ISO 

Read/Write 

R 

w 1 

After reset 

- 

0 

0 

0 

0 

0 

0 0 

Function 

Flip-flop 

(F/F3) 

output 

data 

1: Double 

Buffer3 

Enable 

0: 2n-1 

overflow 

interrupt 

1 : Compare 
and 

match 

interrupt 

0; PWM 
mode 

1: Timer 
mode 

00; ^P1 (f 
01: 9}P4(f 
10: ?jP16( 

11: Don't 

c/4) 

C/16) 

fc/64) 

care 

00; 26-1 

01:27-1 

10:28-1 

11; Don't care 


Read-modify-write is 
prohibited. 




Select PWMl cycle 


00 

26-1 

01 

27-1 

10 

28-1 

11 

Don't care 


Select PWMl input clock 


00 

^ PI (fc/4) 

01 

^P4 (fc/16) 

10 

PI 6 (fc/64) 

11 

Don't care 


Select PWMl mode 


0 

PWMmode 

1 

8-bit timer mode 


Select PWMl interrupt 


0 

Overflow interrupy 

1 

Compare and match 
interrupt 


Control double buffer 


0 

Disable 

1 

enable 


PWM timer Flip-flop3 (TFF3) 
output value (T03) 


Figure 3.8 (5). 8-Bit PWMl Mode Control Register 
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PFFCR 

(002AH) 


—►Select PWM timer F/F2 (TFF2) trigger 


00 

Disable TFF2 trigger. 

01 

Invert by compare and match. 

10 

Set by compare and match. 

Clear by 2^1 - ^ overflow. 

11 

Clear by compare and match. 

Set by 2f’ -1 overflow. 


Control PWM timerF/F2 (TFF2) 


00 

Don't care 

01 

SetTFF2 to"1". 

10 

Clear TFF2 to"0". 

11 

Don't care 


Select PWM timer 
F/F3 (TFF3) trigger 


00 

Disable TFF3 trigger. 

01 

Invert by compare and match. 

10 

Set by compare and match. 

Clear by 2'' - ^ overflow. 

11 

Clear by compare and match. 

Set by 2”- ’ overflow. 


Control PWM timerF/F2 (TFF2) 


00 

Don't care 

01 

SetTFF3 to"1". 

10 

Clear TFF3 to "0". 

11 

Don't care 



^ i 

6 

5 

4 

3 

2 

1 0 

bit Symbol 

FF3C1 i FF3C0 

FF3TRG1 

FF3TRG0 

FF2C1 ; FF2C0 

FF2TRG1 ; FF2TRG0 

ReadAA/rite 

W 

R/\N 

W 

RA/V 

After reset 

0 

0 

0 

0 

0 

0 

o 

o 

Function 

00: Don't care 

01: Set TFF3 

10: Clear TFF3 

11: Don't care 

00 ; Disable Tf F3 inverted. 

01 : Invert by match. 

10 : Set by match; 

clear by overflow, 

1 1 ; Clear by match; 

set by overflow. 

00: Don't care 

01:SetTFF2 

10: Clear TFF2 

11: Don't care 

00 : Disable TFF2 inverted. 

01 : Invert by match. 

10 : Set by match ; 

clear by overflow, 

1 1 : Clear by match; 

set by overflow. 


Figure 3.8 (6). 8-Blt PWM F/F Control Register 
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TRUN 

(0020H) 



7 

6 

5 

4:3:2 

1 

0 

bit Symbol 

PRRUN 


T5RUN 

T4RUN ; PI RUN i PORUN 

T1RUN 

TORUN 

Read/Write 

R/W 


ivw 1 

After reset 

0 


0 

0 i 0 : 0 

0 


Function 

Prescaler & Timer Run/Stop CONTROL 

0: Stop & Clear 

1; Run (Count up) 


[T 8-bit timer (timerO) operation 


0 

stop & clear 

1 

Count 


8-bit timer (timerl) operation 



0 

stop & clear 


1 

Count 

8-bit PWM timer (PWM0/timer2) operation 


0 

Stop & clear 


1 

Count 

8-bit PWM timer {PWM0/timer2) operation 


0 

Stop & clear 


1 

Count 

16-bit timer (timer4) operation 


0 

Stop & clear 


1 

Count 

16-bit timer (timerS) operation 


0 

Stop & clear 


1 

Count 


Prescaler operation 


0 

Stop & clear 

1 

Count 


Figure 3.8 (7). Timer Operation Control Register (TRUN) 
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The following explains PWM timer operations. 

(1) PWM timer mode 

Both PWM timers can output 8-bit resolution PWM 
independently. Since both timers operate in exactly the 
same way, PWMO is used for purposes of explanation. 
PWM output changes under the following two condi¬ 
tions. 

Condition 1: 

• TFF2 is cleared to 0 when the value in the up- 
counter {UC2) and the value set in the TREG2 
match. 

• TFF2 is set to 1 when a 2"^ -1 counter overflow (n 
= 6, 7, or 8) occurs. 


Condition 2: 

• TFF2 is set to 1 when the value in the up-counter 
(UC2) and the value set in TREG2 match. 

• TFF2 is cleared to 0 when a 2*^ -1 counter over 
flow (n = 6, 7, or 8) occurs. 

The up-counter (UC2) is cleared by a 2^ -1 counter 
overflow. 

The PWM timer can output 0% -100% duty pulses 
because a 2*^ -1 counter overflow has a higher priority. 
That is, to obtain 0% output (always low), the mode 
used to set TFF2 to 0 due to overflow (PFFCR 
<FF2TRG1,0> = 1,0) must be set and 2^ -1 (value for 
overflow) must be set In TREG2. To obtain 100% out¬ 
put (always high), the mode must be changed: PFFCR 
<FF2TRG1, 0> = 1,1 then the same operation is 
required. 


PWM timing 


PWM counter m-1 y. m 1 2"-2)( 2''-1 0 X 01 


Timing in 
detail 

Match detect 

_ n_ 



2n-i overflow 




n 


counter clear 






7 Match detect 

j 

_ j _ 

J .-.-, . 

Overall 


/ 



( 

timing 

2n-1 overflow 

f 


J 

- J 

(Note) 


\ ( 

v 

( 

\ ( 


Timer F/F outnut 

_T~Y_ 

^1 

~^L_ 

^1 — 1 


(T02/T03) 






Figure 3.8 (8). Output Waves in PWM Timer Mode 


Note: The above waves are obtained in a mode where the F/F is set by a match with the timer register (TREG) and reset by an overflow. 
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Figure 3.8 (9) is a block diagram of this mode. 



Internal bus 


Figure 3.8 (9). Block Diagram of PWM Timer Mode (PWMO) 


In this mode, enabling double buffer is very useful. The Using double buffer makes handling small duty waves 

register buffer value shifts into TREG2 when a 2^ -1 overflow easy, 
is detected, when double buffer is enabled. 


Match with TREG2 

2 n-i 

overflow 

TREG2 
(Compared value) 

Register buffer 


ii_n. 


(Up-counter = Q1) 

(Up-counter = Q2) 

_ J _ 

^Shift from register buffer 

Qi 


__ {t _ 

02 

K 


Register buffer write 


Figure 3.8 (10). Register Buffer Operation 
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Example: To output the following PWM waves to T02 pin using PWMO at fc = 16MHz. 


15;uS I 

31.75//S 


To implement 31 .75|iS PWM cycle by 0 PI = 0.25iiis (@ fc 
= 16MHz) 

31 .75ms - 0.25ms = 127 = 2^ -1. 

Consequently, set n to 7. 

Since the low level cycle = 1 5ms; for ^ PI = 0.25ms 
15ms-0.25 = 60 = 3CH 
set the 3CH in TREG2. 


TRUN 

POMOD 


6 5 4 3 2 1 0 
X---0-- 
0 0 0 0 0 0 1 


Stops PWMO and clears it to 0. 

Sets PWM (2^-1) mode, input clock 0P1, overflow interrupt, and disables double buffer. 


TREG2 

POMOD 

PFFCR 


0 11110 0 
1 0 0 0 0 0 1 

- - - 0 1 1 1 


Writes 3CH. 

Enables double buffer. 

Sets TFF2 and a mode where TFF2 is set by compare and match, and cleared by overflow. 


P7CR <- 
P7FC <- 
TRUN <- 


Note: x; don’t care 


no change 


) Sets P72 as the T02 pin. 
Starts PWMO counting. 


Table 3.8 (1) PWM Cycle and 2" -1 Counter Setting 



Formula 

16IVIHZ 

20MHz 


0P1 

0P4 

0P16 


0P4 

0P16 


26-1 

28-1 - (/iPn 

15.8}jsec 

63.0psec 

252ijsec 

12.6Msec 

50.4MSec 




(63kHz) 

(16kHz) 

(3.9kHz) 

(79kHz) 

(20kHz) 

(4.9kHz) 

2^-1 

2^-1 - ^Pn 

31.8nsec 

127.0Msec 


25.4Msec 

lOl.Onsec 

406Msec 



(31kHz) 

(7.9kHz) 

(1.9kHz) 

(39kHz) 

(9.8kHz) 

(2.5kHz) 

28-1 

28-1 - «Pn 

63.8Msec 

255.0Msec 

1020Msec 

Sl.Opsec 

204.0Msec 

816Msec 



(16kHz) 

(3.9kHz) 

(0.98kHz) 

(20kHz) 

(4.9kHz) 

(1.2kHz) 
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(2) 8-bit timer mode 

Both PWM timers can be used independently as 8-bit 
interval timers. Since both timers operate in exactly the 
same way, PWMO (timer 2) is used for the purposes of 
explanation. 


® Generating interrupts at a fixed interval 

To generate timer 2 interrupt (INTT2) at a fixed interval 
using PWMO timer, first stop PWMO, then set the oper¬ 
ating mode, input clock, and interval in the POMOD 
and TREG2 registers. Next, enable INTT2 and start 
counting PWMO. 

Example: To generate a timer 2 interrupt every 40ns 
at fc = 16MHz, set registers as follows: 




7 

6 5 

4 

3 

2 

1 

0 


TRUN 

<- 

- 

X 

- 

- 

0 

- 

- 

Stops PWMO and clears it to 0. 

POMOD 

<- 

X 

0 1 

1 

0 

0 

X 

X 

Sets 8-bit timer mode and selects 0P1 (0.25ms) and compare interrupt. 

TREG2 

<- 

1 

0 1 

0 

0 

0 

0 

0 

Sets 40ms/0.25ms = AOH in timer register. 

INTEPW10 

<- 

- 

- - 

- 

1 

1 

0 

0 

Enables INTT2 and sets interrupt level 4. 

TRUN ^ 1 

Note: x; don’t care 

X 

no change 


~ 

1 

“ 

— 

Starts PWMO counting. 


Select an input clock using the table below. 


Table 3.8 (2) Interrupt Cycle and Input Clock Selection using 8-Bit Timer Mode 


Input Clock 

Interrupt Cycle 
(at fc» 16MHz) 

Resolution 

Interrupt Cycle 
(at fc-20MHz) 

Resolution 

0P1 (4/fc) 

0.25ms ~ 64ms 

0.25ms 

0.2ms ~ 51 .2ms 

0.2ms 

0P4 (16/fc) 

1ms~256ms 

1ms 

0.8ms ~ 204.8ms 

0.8ms 

0P16(64/fc) 

4ms ~ 1024ms 

4ms 

3.2ms ~ 819.2ms 

3.2ms 


Note; To generate interrupts in 8-bit timer mode, bit 5 (interrupt control bit <PWM01 NT>/<PWM1 NT> of POMOD/P1 MOD) must be set to 1. 
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(D Generating a 50% square wave 


value to the timer output pin (T02). 


To generate a 50% square wave, invert the timer flip- Example: To output a 3.0|iS square wave at fc = 

flop at a fixed interval and output the timer flip-flop 1 6MHz from T02 pin, set register as fol¬ 


lows: 




7 

6 

5 

4 

3 

2 

1 

0 


TRUN 

<- 

- 

X 

- 

- 

- 

0 

- 

- 

Stops PWMO and clears It to 0. 

POMOD 

<- 

X 

0 

1 

1 

0 

0 

X 

X 

Sets 8-bit timer mode and selects 0P1 (0.25ps) as the input clock. 

TREG2 

<- 

0 

0 

0 

0 

0 

1 

1 

0 

Sets 3.0ps/0.25ps/2 = 6 in the timer register. 

PFFCR 

<r~ 

- 

- 

- 

- 

1 

0 

0 

1 . 

V Clears TFF2 to 0 and inverts using comparator output. 

P7CR 

<r- 

X 

X 

X 

X 

- 

1 

- 

- . 

) Sets P72 as the T02 pin. 

P7FC 

<— 

X 

X 

X 

X 

- 

1 

- 

X 


TRUN 


1 

X 

- 

- 

- 

1 

- 

- 


Note: x; don’t care 


; no change 







_rLnjnjnjTjnjn_riJiJ^^ 


TRUN 



Figure 3.8 (11). Square Wave (50% Duty) Output Timing Chart 
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This mode is as shown in Figure 3.8 (12) below. 



Internal bus 


Figure 3.8 (12). Block Diagram of 8-Bit Timer Mode 
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3.9 16-Bit Timer 

The TMP96C141AF has two (timer 4 and timer 5) multifunc¬ 
tional 16-bit timer/event counter with the following operation 
modes. 

• 16-bit interval timer mode 

• 16-bit event counter mode 

• 16-bit programmable pulse generation (PPG) mode 

• Frequency measurement mode 

• Pulse width measurement mode 

• Time differential measurement mode 


Timer/event counter consists of 16-bit up-counter, two 
16-bit timer registers, two 16-bit capture registers (one of them 
applies double-buffer), two comparators, capture input con¬ 
troller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by four control regis¬ 
ters: T4MOD/T5MOD. T4FFCR/r5FFCR, TRUN and T45CR. 

Figure 3.9 (1) and (2) show the block diagram of 16-bit 
timer/event counter (timer 4 and timer 5). 
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Figure 3.9 (1). Block Diagram of 16-Bit Timer (Timer 4) 
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Figure 3.9 (2). Block Diagram of 16-Bit Timer (Timer 5) 
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T4MOD 

(0038H) 



7 

6 

5 

4 3 

2 

1 0 

bit Symbol 

CAP2T5 

EQ5T5 

CAP1IN 

CAP12M1 ; CAP12M0 

CLE 

T4CLK1 ; T4CLK0 

Read/Write 

RAA/ 

W 

R/W 

RAA/ 

R/W 

After reset 

0 

0 

1 

0 0 

0 

0 0 

Function 

TFF5 invert trigger 

0: Disable trigger 

1; Enable trigger 

0: Soft- 
Capture 

1: don't 

Capture timing 

00: Disable 

INT4 occurs at rise edge. 
:01:TI4'|‘ TI5T 

1: UC4 
Clear 
Enable 

Timer 4 source clock 

00:TI4 

01: 

10: ?iT4 

11: ,H16 

Invert 
when the 
UC value is 
loaded to 
CAP2 

Invert 
when the 
up-counter 
matches 
TREG5 

INT4 occurs at rise edge. 
T0:Ti4t Tl4j 

INT4 occurs at fall edge. 
ll;TFF1t TFFI], 

INT4 occurs at rise edge. 


I_^_1 


Timer 4 input clock 


00 

External clock (TI4) 

01 

^T1 (8/fc) 

10 

yiT4 (32/fc) 

11 

^T16(128/fc) 


Clearing the up-counter UC4 
0 Clear disable 
1 Clear by match with TREG5. 


Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4MOD) (1/2) 
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T4MOD 

(0038H) 


'—► Capture timing oftimer4 



Capture control 

INT4 control 

00 

Capture disable 

Interrupt occurs 
at the rise edge j;— 
of TI4 (INTI) 
input. 

01 

CAP1 at TI4 rise 

CAP2 atTISrise 

10 

CAP1 at T14 rise 

CAP2atTI4fall 

Ihtefrupf occurs 
at the fall edge 
of TI4 (INTI) 
input. 

11 

CAP1 atTFFI rise 

CAP2 atTFFI fall 

Interrupt occurs ^ 
at the rise edge 
of TI4 (INTI) 
input. 



7 6 

5 

4 3 

2 

1 0 

bit Symbol 

C:AP2T5 : EQ5T5 

CAP1IN 

CAP12M1 :CAP12M0 

CLE 

T4CLK1 i T4CLK0 

Read/Write 

R/W 

W 

R/W 

R/W 

RAA/ 

After reset 

0 0 

1 

0 0 

0 

0 0 

Function 

TFF5 invert trigger 

0: Disable trigger 

1: Enable trigger 

0: Soft- 
Capture 

1: don't 
care 

Capture timing 

00: Disable 

INT4 occurs at rise edge. 

01:TI4t TIST 

INT4 occurs at rise edge. 
lOlTWt TI 44 , 

INT4 occurs at fall edge. 

11 : TFF1 t TFF1 i 

INT4 occurs at rise edge. 

1; UC4 
Clear 
Enable 

Timer 4 source clock 

00:TI4 

01; ^T1 

10: ^iT4 

11; ,jT16 

Invert Invert 

when the -when the 
UC value is; up-counter 
loaded to • matches 
CAP2 iTREGS 


i I . I 


Software capture 

0 The up-counter4 value is loaded to CAP! 
(software capture). 

-j Always read as "1". 


Timer flip-flop 5 (TFF5) invert trigger 

0 Trigger disable (Invert Prohibition) 
1 Trigger enable (Invert permission) 


CAP2T5 : Invert when the up-counter value is loaded to CAP2 
EQ5T5 : Invert when the up-counter matches TREG5 

Figure 3.9 (4). 16-Bit Controller Register (T4MOD) (2/2) 
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T4FFCR 

(0039H) 



Figure 3.9 (5). 16-Bit Timer 4 F/F Controi (T4FFCR) 
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T5MOD 

(0048H) 



7 6 

5 

4 3 

2 

1 0 

bit Symbol 


CAP31N 

CAP34M1 iCAP34M0 

CLE 

T5CLK1 1 T5CLK0 

Read/Write 


W 

RA/V 

RW 

mv 

After reset 


1 

o 

o 

0 

0 i 0 

Function 


0: Soft- 
Capture 

1: don't 
care 

Capture timing 

00: Disable 

INT6 occurs at rise edge. 

01:TI6T TI7t 

INT6 occurs at rise edge. 

10 : TI61 TI6 i 

INT6 occurs at fall edge. 

11 : TFFl t TFF1 1 

INT4 occurs at rise edge. 

1: UC5 
Clear 
Enable 

Timer 5 source clock 

00:TI6 

01: ?5T1 

10: 9^74 

11: 9^716 


Timer 5 input clock 


00 

External clock (TI4) 

01 

^T1 (8/fc) 

10 

^T4(32/fc) 

11 

55T16(128/fc) 


Clearing the up-counter UC5 
0 Clear disable 
1 Clear by match with TREG7 


Figure 3.9 (6). 16-Bit Timer Mode Control Register (T5MOD) (1/2) 
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T5MOD 

(0048H) 



7 6 

5 

4 3 

2 

1 0 

bit Symbol 


CAP3IN 

CAP34M1 :• CAP34M0 

CLE 

T5CLK1 ; T5CLK0 

Read/Write 


W 

fVW 

RAN 

RAN 

After reset 


1 

0 0 

0 

0 0 



0: Soft- 
Capture 

1: don't 

care 

Capture timing 

00: Disable 

INT6 occurs at rise edge. 
01:TI6t TI7t 

INT6 occurs at rise edge. 
lOlTiet TI6 4, 

INT6 occurs at fall edge. 
ll:TFf1t TFF1| 

INT4 occurs at rise edge. 

1; UC5 
Clear 
Enable 

Timer 5 source clock 

00: TI6 

01: ^T1 

10: ^JA 

11: JST16 


I_^_I 


*—► Timer 5 Capture timing 



Capture control 

INT4 Control 

00 

Capture disable 

Interrupt occurs 
at the rise edge 
of TI6 (INT6) JT 
input. 

01 

CAP3 atTIGrise 

CAP4atTI7rise 

10 

CAP3 atTI6 rise 

CAP4atTI6fall 

Interrupt occurs 
at the fall edge _ 
of TI6 (INT6)^ 
input. 

11 

CAP3 atTFFI rise 

CAP4atTFF1 fall 

Ihteffupt occurs 
at the rise edge .— 

of TI6 (INT6) -f 
input. 


Software capture 

0 The up-counter 5 value is loaded to CAPS. 
1 Always read as "1 


Figure 3.9 (7). 16-Bit Timer Control Register (T5MOD) (2/2) 
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7 ; 6 i 5 

4 

3 

2 

1 0 

bit Symbol 

CAP4T6 

: CAP3T6 

EQ7T6 

EQ6T6 

TFF6C1 1 TFF6C0 

Read/Write 

RAW 

R/W 

R/W 

R/W 

W 

After reset 

I 0 

0 

0 

0 

0 0 


:TFF6 invert trigger 



00: Invert TFF6 


;0: Disable trigger 



01:Set TFF6 


; 1: Enable trigger 



10: Clear TFF6 

Function 





11: don't care 


1 Invert when 

invert when 

Invert when 

: Invert when 



Jthe UC value 

jthe UC value 

the UC 

: the UC 

Always read as 


• is loaded to 

jis loaded to 

matches 

matches 

"ir 


;CAP4 

:CAP3 

TREG7 

TREG6 



L- Timer flip-flop 6 (TFF6) control 


00 

Inverts the TFF4 value (software inversion). 


01 

SetsTFF6to"1". 


10 

Clear TFF6 to "0". 


11 

Don't care (Always read as " 11"). 


Timer flip-flop 6 (TFF6) Invert trigger 


0 

Trigger disable (Invert prohibition) 


1 

Trigger enable (Invert permission) 


CAP4T6 : Invert when the up-counter value is loaded to CAP4 

CAP3T6 : Invert when the up-counter value is loaded to CAP3 

EQ7T6 : Invert when up-counter matches TREG7 

EQ6T6 : Invert when up-counter matches TREG6 


Figure 3.9 (8). 16-Bit Timer 5 F/F Control fTSFFCR) 
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T45CR 

(003AH) 



7 

6 i 5 : 4 

3 12 11 

0 

bit Symbol 

_ 


PG1T ; PGOT ; DB6EN 

DB4EN 

Read/Write 

R/W 


RAA/ 1 

After reset 

0 


0 

0 

0 



Fix at "0" 


PGl shift 
Trigger 

0:8 bit 

Timer Trigger 
(TimerO, 1) 

1: 16 bit 
Timer Trigger 
(Timers) 

PGO shift 
Trigger 

0:8 bit 

Timer Trigger 
(TimerO. 1) 

1: 16 bit 
Timer Trigger 
(Timer 4) 

0: Disable 

1: Enable 

Double 
buffer of 
TREG6 

Double 
buffer of 
TREG4 

I_ 



c 


Double buffer countrol 


Disable 

Enable 


DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 

Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR) 


-^ 

7 

6 

5 

4 ; 3 I 2 

1 

0 

bit Symbol 

PRRUN 

T5RUN 

T4RUN : PI RUN j PORUN 

T1RUN 

TORUN 

ReadA/Vrite 

R/W 

R/W 1 

After reset 

0 

0 

o 

o 

o 

0 

izn 


Prescaler & Timer Run/Stop CONTROL 

0: Stop & Clear 

1: Run (Count up) 


U. Operation of IG-bit timer (timer4) 


0 

Stop and clear 

1 

Count 

Operation of 16-bit timer (timerS) 

0 

Stop and clear 

1 

Count 

Operation of prescaler 

0 

STOP and clear 

1 

Count 


Figure 3.9 (10). Timer Operation Control Register (TRUN) 
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® Up-counter (UC4/UC5) 

UC4/UC5 is a 16-bit binary counter which counts up 
according to the input clock specified by T4MOD 
<T4CLK1,0> or T5MOD <T5CLK1,0> register. 

As the input clock, one of the internal clocks 0T1 (8/ 
fc), 0 T4 (32/fc), and 0 T16 (128/fc) from 9-bit prescaler 
(also used for 8-bit timer), and external clock from TI4 pin 
(also used as P80/INT4 pin) or TI6 (also used as P84/ 
INT6 pin) can be selected. When reset, it will be initialized 
to <T4CLK1,0>/<T5CLK1. 0> = 00 to select TI4/TI6 
input mode. Counting or stop and clear of the counter is 
controlled by timer operation control register TRUN 
<T4RUN, T5RUN>. 

When clearing is enabled, up-counter UC4/UC5 will 
be cleared to zero each time it coincides matches the 


TREG4 



000031H 000030H 


TREG6 



000041H 000040H 


TREG4 and TREG6 timer register is of double buffer 
structure, which is paired with register buffer. The timer 
control register T45CR <DB4EN, DB6EN> controls 
whether the double buffer structure should be enabled or 
disabled. : disabled when <DB4EN, DB6EN> = 0, while 
enabled when <DB4EN, DB6EN> = 1. 

When the double buffer is enabled, the timing to 
transfer data from the register buffer to the timer register 
is at the match between the up-counter (UC4/UC5) and 
timer register TREG5/TREG7. 

When reset, it will be initialized to <DB4EN, DB6EN> 
= 0, whereby the double buffer is disabled. To use the 
double buffer, write data in the timer register, set 
<DB4EN, DB6EN> = 1, and then write the following data 
in the register buffer. 


CAP1 



000035H 000034H 


CAP 3 



000045H 000044H 


® Capture Input Control 


This circuit controls the timing to latch the value of 
up-counter UC4/UC5 into (CAP1, CAP2)/(CAP3, CAP4). 


timer register TREG5, TREG7. The “clear enable/disable” 
is set by T4MOD <CLE> and T5MOD <CLE>. 

If clearing is disabled, the counter operates as a free- 
running counter. 

@ Timer Registers 

These two 16-bit registers are used to set the Interval 
time. When the value of up-counter UC4/UC5 matches 
the set value of this timer register, the comparator match 
detect signal will be active. 

Setting data for timer register (TREG4, TREG5, 
TREG6 and TREG7) is executed using 2 byte date trans¬ 
fer instruction or using 1 byte date transfer instruction 
twice for lower 8 bits and upper 1 bits in order. 


TREG5 



000033H 000032H 


TREG7 



000043H 000042H 


TREG4, TREG6 and register buffer are allocated to 
the same memory addresses 000030H/000031H/ 
0000400H/000041H. When <DB4EN, DB6EN> = 0, 
same value will be written in both the timer register and 
register buffer. When <DB4EN, DB6EN> = 1, the value is 
written into only the register buffer. 

<D Capture Register 

These 16-bit registers are used to hold the values of 
the up-counter. 

Data in the capture registers should be read by a 2- 
byte data load instruction or two 1 -byte data load instruc¬ 
tion, from the lower 8 bits followed by the upper 8 bits. 


CAP 2 



000037H 000036H 


CAP 4 



000047H 000046H 


The latch timing of capture register is controlled by regis¬ 
ter T4MOD <CAP12M1,0>/T5MOD <CAP34M1,0>. 

• When T4MOD <CAP12M1,0>/T5MOD 
<CAP34M1,0> = 00 

Capture function is disabled. Disable is the 
default on reset. 
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• When T4M0D <CAP12M1,0>/T5MOD 
<CAP34M1,0> = 01 

Data is loaded to CAP1, CAPS at the rise edge 
of TI4 pin (also used as P80/INT4) and TI6 pin (also 
used as P84/INT6) input, while data is loaded to 
CAP2, CAP4 at the rise edge of TI5 pin (also used as 
P81/INT5 and TI7 pin (also used as P85/INT7) input. 
(Time difference measurement) 

• When T4MOD <CAP12M1,0>Ar5MOD 
<CAP34M1,0>=10 

Data is loaded to CAP1 at the rise edge of TI4 
pin input and to CAPS at the rise edge of T16, while 
to CAP2, CAP4 at the fall edge. Only in this setting, 
interrupt INT4/INT6 occurs at fall edge. (Pulse width 
measurement) 

• When T4MOD <CAP12M1,0>/r5MOD 
<CAP34M1,0>=11 

Data is loaded to CAP1, CAPS at the rise edge 
of timer flip-flop TFF1, while to CAP2, CAP4 at the 
fall edge. 

Besides, the value of up-counter can be loaded 
to capture registers by software. Whenever “0” is 
written in T4MOD <CAPIN>, T5MOD <CAP31 N> the 
current value of up-counter will be loaded to capture 
register CAP1/CAP3. It is necessary to keep the 
prescaler in RUN mode (TRUN <PRRUN> to be “1 ”). 


® Comparator 

These are 16-bit comparators which compare the 
up-counter UC4/UC5 value with the set value of (TREG4, 
TREG5)/0'REG6, TREG7) to detect the match. When a 
match is detected, the comparators generate an interrupt 
(INTT4, INTT5)/(INTT6, \HTT7) respectively. The up- 
counter UC4/UC5 is cleared only when UC4/UC5 


matches TREG5/rREG7. fThe clearing of up-counter 
UC4/UC5 can be disabled by setting T4MOD <CLE>/ 
T5MOD <CLE> = 0.) 

(D Timer Flip-Flop (TFF4/TFF6) 

This flip-flop is inverted by the match detect signal 
from the comparators and the latch signals to the cap¬ 
ture registers. Disable/enable of inversion can be set for 
each element by T4FFCR <CAP2T4, CAP1T4, EQ5T4, 
EQ4T4>/T6FFCR <CAP4T6, CAP3T6, EQ7T6, EQ6T6>. 
TFF4/TFF6 will be inverted when “00” is written in 
T4FFCR <TFF4C1,0>/T6FFCR <TFF6C1,0>. Also it is 
set to “1 ” when “10” is written, and cleared to “0” when 
“10” is written. The value of TFF4/TFF6 can be output to 
the timer output pin T04 (also used as P82) and T06 
(also used as P86). 

® Timer Flip-Flop (TFF5) 

This flip-flop is inverted by the match detect signal 
from the comparator and the latch signal to the capture 
register CAP2. TFF5 will be inverted when “00” is written 
in T4FFCR <TFF5C1,0>/r6FFCR <TFF6C1,0>. Also It is 
set to “1” when “10” is written, and cleared to “0” when 
“10” is written. The value of TFF5 can be output to the 
timer output pin T05 (also used as P82). 

Note: This flip-flop (TFF5) is contained only in the 16-bit timer 4. 

(1) 16-bit Timer Mode 

Timer 4 and 5 operate independently. 

Since both timers operate In exactly the same way, timer 
4 is used for the purposes of explanation. 

Generating interrupts at fixed intervals: 

In this example, the interval time is set in the timer register 
TREG5 to generate the interrupt INTTR5. 


TRUN 

<— 

7 

6 

X 

5 

4 

0 

3 2 

1 

0 

stop timer 4. 

INTET54 

<— 

1 

1 

0 

0 

1 0 

0 

0 

Enable INTTR5 and sets interrupt level 4. Disables 

T4FFCR 


1 

1 

0 

0 

0 0 

1 

1 

INTTR4. 

Disable trigger. 

T4M0D 

<- 

0 

0 

1 

0 

0 1 


* 

Select internal clock for input and disable the capture function. 

TREG5 

<- 

* 

* 

* 

* 

= 01,10,11) 

* 

* 

Set the interval timer (16 bits). 

TRUN 

<- 

1 

X 


★ 

1 

* * 



Start timer 4. 


Note: x; don’t care no change 


(2) 16-bit Event Counter Mode 

In 16-bit timer mode as described in above, the timer can be 
used as an event counter by selecting the external clock (TI4/ 
TI6 pin input) as the input clock. To read the value of the 


counter, first perform “software capture” once and read the 
captured value. 

The counter counts at the rise edge of TI4/TI6 pin Input. 
TI4/TI6 pin can also be used as P80/INT4 and P84/INT6. 
Since both timers operate in exactly the same way, timer 
4 is used for the purposes of explanation. 
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7 

6 

5 

4 

3 

2 

1 

0 


TRUN 

<- 

X 

- 

0 

- 

- 

- 

- 

stop timer 4. 

P8CR 

<- 

- 

- 

- 

- 

- 

- 

0 

Set P80 to input mode. 

INTET54 

^ 1 

1 

0 

0 

1 

0 

0 

0 

Enable INTTR5 and sets interrupt level 4, while 

disables INTTR4. 

T4FFCR 

1 

1 

0 

0 

0 

0 

1 

1 

Disable trigger. 

T4M0D 

<- 0 

0 

1 

0 

0 

1 

0 

0 

Select TI4 as the input clock. 

TREG5 

<- * 

* 

* 

* 

* 

* 

* 

* 

Set the number of counts (16 bits). 

TRUN 

^ 1 

X 

- 

1 

- 

- 

- 

- 

Start timer 4. 


Note: When used as an event counter, set the prescaler in RUN mode. 


(3) 16-bit Programmable Pulse Generation (PPG) Output 

Mode 

Since both timers operate in exactly the same way, 
timer 4 is used for the purposes of explanation. 

The PPG mode is obtained by inversion of the timer 


flip-flop TFF4 that is to be enabled by the match of the 
up-counter UC4 with the timer register TREG4 or 5 
and to be output to T04 (also used as P82). In this 
mode, the following conditions must be satisfied. 

(Set value of TREG4) < (Set value of TREG5) 




7 

6 

5 

4 

3 

2 

1 

0 

TRUN 

<r- 

- 

X 

- 

0 

- 

- 

- 

- 

TREG4 

<r- 

* 

* 

* 

* 

* 

* 

* 

* 

TREG5 

<- 

* 

* 

* 

* 

* 

* 

* 

* 

T45CR 

<- 

0 

X 

X 

X 

- 

- 

- 

1 

T4FFCR 

<- 

1 

1 

0 

0 

1 

1 

0 

0 

T4M0D 

<— 

0 

0 

1 

0 

0 

1 

* 

* 







= 01,10,11) 



P8CR 

<r- 

- 

- 

- 

- 

- 

1 

- 

- 

P8FC 

<- 

X 

- 

X 

X 

- 

1 

X 

X 

TRUN 

<r- 

1 

X 

- 

1 

- 

- 

- 

- 

Note: X 

: don’t care 


no change 






Stop timer 4. 

Set the duty (16 bits). 

Set the cycle (16 bits). 

Double buffer of TREG4 enable. 

(Changes the duty and cycle at the interrupt INTTR5) 

Set the mode to invert TFF4 at the match with 
TREG4/rREG5, and also sets TFF4 to “0". 

Select internal clock for input and disables the capture function. 

) Assign P82 as T04. 

Start timer 4. 


Match with TREG4 fl 

(interruDtlNTTR4) / 

n 

n 

ii 

JL 

Match with TREG5 / 

rintPrnipt INTTR'i) 1 

/ 

fl 

_n 


__ n 


T04pin V 


1 


1 L 



Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms 
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When the double buffer of TREG4 is enabled in this 
mode, the value of register buffer 4 will be shifted in TREG4 


at match with TREG5. This feature makes easy the handling of 
low duty waves. 


Match with TREG4 

Match with TREG5 

TREG4 
(value to be 
compared) 

Register buffer 


ter=:Oi UD-counter = 


Up-counter = Qi 

Up-counter = Q 2 

M 

1 

1 Shift into the TREG5 

Qi 

_0^_ 


Q2 



Write into the TREG4 


Figure 3.9 (12). Operation of Register Buffer 

Shows the block diagram of this mode. 



Internal bus 


Figure 3.9 (13). Block Diagram of 16-Bit PPG Mode 
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(4) Application Examples of Capture Function 

The loading of up-counter (UC4) values into the cap¬ 
ture registers CAP1 and CAP2, the timer flip-flop TFF4 
inversion due to the match detection by comparators 
CP4 and CPS, and the output of TFF4 status to T04 
pin can be enabled or disabled. Combined with inter¬ 
rupt function, they can be applied in many ways, for 
example: 

® One-shot pulse output from external trigger pulse 
(D Frequency measurement 
(D Pulse width measurement 
@ Time difference measurement 


® One-Shot Pulse Output from External Trigger Pulse 

Set the up-counter UC4 in free-running mode with the 
internal input clock, input the external trigger pulse 
from TI4 pin, and load the value of up-counter into 
capture register CAP1 at the rise edge of the TI4 pin. 
Then set to T4MOD <CAP12M1,0> = 01. 

When the interrupt INT4 is generated at the rise edge 
of TI4 input, set the CAP1 value (c) plus a delay time (d) 
to TREG4 (= c + d), and set the above set value (c + d) 
plus a one-shot pulse width (p) to TREG5 (= c -h d + p). 
When the interrupt INT4 occurs the T4FFCR <EQ5T4, 
EQ4T4> register should be set that the TFF4 inversion 
is enabled only when the up-counter value matches 
TREG4 or TREG5. When interrupt INTTR5 occurs, this 
inversion will be disabled. 


Count dock 
(internal clock) 

TI4 pin input 
(external trigger pulse) 

Match with TREG4 


Match with TREG5 


Timer output pin T04 


^ Set the counter In free-running mode. 


c_c + d_c->-d -h p 


_ 

^ Load the up-counter value into Capture ! 

^ Register 1 (CAP1) INT4 occurred ! 

_^_ 


Inversion f 
enable 

^ INTTR5occt|rred 

_J^_ 


Disables inversionl 
caused by loading \ 
of the up-counter \ 
X value into CAP1. 

Inversion / 
enable \ 

' 




Delay time 

Pulse width 



(d) (P) 


Figure 3.9 (14). One-Shot Pulse Output (with Delay) 
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Setting Example: To output 2ms one-shot pulse with Sms delay to the external trigger pulse to TI4 pin. 


Keep counting (Free-running). 


Main settina 








—► Count with 0T1. 

T4M0D f- 

- 

1 0 

1 



r 

0 

I 

1 




I_ 

_JL_ 

— 

— 



— ► Load the up-counter value into CAP1 at the rise edge of TI4 pin input. 

T4FFCR f- 

1 

1 0 0 

0 

0 

1 

0 






— 


L. 

>J_ 

—► Clear TFF4 to zero. 



1 






Disable TFF4 inversion. 

P8CR f- 

_ 

_ _ _ 

_ 

1 

_ 

_ 

) Select P82 as the T04 pin. 

P8FC ^ 

X 

- X X 

- 



X 

X 

INTE45 <- 

- 

_ _ _ 

1 

1 


0 

0 

Enable INT4. and disables INTTR4 and INHRS. 

INTET54 <- 

1 

0 0 0 

1 

c 


0 

0 


TRUN ^ 

1 

X - 1 

- 

- 


- 

- 

Start timer 4. 

Settina of INT4 









TREG4 <- 


CAP1 + 3ms/0T1 







TREG5 f- 


TREG4 + 2ms/0T1 







T4FFCR <- 

- 

- - - 

1 

1 


- 

- 





L_ 

_J 

— 



— ^ Enable TFF4 inversion when the up-counter value matches TREG4 or 5. 

iNTET54 <- 

1 

1 0 0 

- 

- 


- 

- 

Enable INHRS. 

Settina of 1NT5 









T4FFCR <- 

- 

- - - 

0 

0 


- 

- 




L_ 

1 





Disable TFF4 inversion when the up-counter value matches TREG 4 or 5. 

INTET54 ^ 

1 

0 0 0 

- 

- 


- 

- 

Disable INHRS. 


Note: x; don’t care no change 


When delay time is unnecessary, invert timer flip-flop 
TFF4 when the up-counter value is loaded into capture register 
1 (CAP1), and set the CAP1 value (c) plus the one-shot pulse 
width (p) to TREG5 when the interrupt INT4 occurs. The TFF4 


Inversion should be enabled when the up-counter (UC4) value 
matches TREG5, and disabled when generating the interrupt 
INTTR5. 
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Count clock 
(internal clock) 

TI4 pin input 
(external trigger pulse) 


Match withTREGS 


-mm _imiuiL_nim... 

c_ c-hp _ 



L Load the up-counter value into Capture 

X Register 1 (CAPl). INT4 occurred 

/►INTTR5 
^ occurred 

1 


Load the up-counter value into 
Capture Register 2 (CAP2). 


1 Inversion , 

1 enable 

u 




Timer output pin T04 


Enables inversion caused 
by loading of the up- 
counter value into CAP1. 


/ 


Pulse width 


(p) 


- 7 - 

Disables inversion caused by loading of 
the up-counter value into CAP2. 


Figure 3.9 (15). One-Shot Pulse Output (without Delay) 


( 2 ) Frequency Measurement 

The frequency of the external clock can be measured 
in this mode. The clock is input through the TI4 pin, and 
its frequency is measured by the 8-bit timers (Timer 0 and 
Timer 1) and the 16-bit timer/event counter (Timer 4). 

The TI4 pin input should be selected for the input 
clock of Timer 4. The value of the up-counter is loaded 


into the capture register CAP1 at the rise edge of the 
timer flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), 
and into CAP2 at its fall edge. 

The frequency is calculated by the difference 
between the loaded values in CAP1 and CAP2 when the 
interrupt (INTTO or INTT1) is generated by either 8-bit 
timer. 


Count clock _JiniinilIL__ JlIUUl 

(internal clock) C2 



Figure 3.9 (16). Frequency Measurement 


For example, if the value for the level “1 ” width of 
TFF1 of the 8-bit timer is set to 0.5 sec. and the differ¬ 


ence between CAP1 and CAP2 is 100, the frequency will 
be 100/0.5 [sec.] = 200 [Hz]. 
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(D Pulse Width Measurement 

This mode allows measuring the “H” level width of an 
external pulse. While keeping the 16-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is input through the TI4 pin. Then 
the capture function is used to load the UC4 values into 
CAP1 and CAP2 at the rising edge and falling edge of the 


external trigger pulse respectively. The interrupt INT4 
occurs at the falling edge of T14. 

The pulse width is obtained from the difference 
between the values of CAP1 and CAP2 and the internal 
clock cycle. 

For example, if the internal clock is 0.8 microseconds 
and the difference between CAP1 and CAP2 is 100, the 
pulse width will be 100 x 0.8 = 80 microseconds. 


XauL, -Jin™— —npui- 



Figure 3.9 (17). Pulse Width Measurement 

Note; Only in this pulse width measuring mode (T4MOD <CAP12M1,0> = 10), external interrupt INT4 occurs at the falling edge of TI4 pin input. In other 
modes, it occurs at the rising edge. 


The width of “L” level can be measured from the dif¬ 
ference between the first C2 and the second Cl at the 
second INT4 interrupt. 


® Time Difference Measurement 

This mode is used to measure the difference in time 
between the rising edges of external pulses input through 
TI4 and TI5. 


Keep the 16-bit timer/event counter (Timer 4) count¬ 
ing (free-running) with the internal clock, and load the 
UC4 value into CAP1 at the rising edge of the input pulse 
to TI4. Then the interrupt INT4 is generated. 

Similarly, the UC4 value is loaded into CAP2 at the 
rising edge of the input pulse to TI5, generating the inter¬ 
rupt I NTS. 

The time difference between these pulses can be 
obtained from the difference between the time counts at 
which loading the up-countervalue into CAP1 and CAP2 
has been done. 
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JfIL— —JllIUL 



Figure 3.9 (18). Time Difference Measurement 


(5) Different Phased Pulses Output Mode When the value in up-counter UC4 and the value in 

TREG4 fTREGS) match, the value in TFF4 (TFFS) is inverted 

. , .. ^ xc ^ u u Qi^cl output to T04 (T05). 

In this output mode, signals with any different phase can be ^ ^ by 16-bit timer 4. 

outputted by free-running up-counter UC4. 

Match with TREG4 

Match with TREG5 

T04 

T05 



Figure 3.9 (19). Phase Output 


Cycles (counter overflow time) of the above output waves 
are listed below. 



16MHz 

20MHz 

0T1 

1.024msec 

0.819msec 

0T4 

4.096msec 

3.277msec 

(/>T16 

16.38 msec 

13.11 msec 
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3.10 Stepping Motor Control/Pattern Generation Port 

The TMP96C141AF has two channels (PGO and PG1) of 4-bit 
hardware stepping nnotor control/pattern generation (herein 
after called PG) which actuate in synchronization with the (8- 
bit/16-bit) timers. The PG (PGO and PG1) are shared in 8-bit 1/ 
O ports P6. 

Channel 0 (PGO) is synchronous with 8-bit timer 0 or 
timer 1, 16-bit timer 5, to update the output. 

The PG ports are controlled by control registers 
(PG01CR) and can select either stepping motor control mode 
or pattern generation mode. Each bit of the P6 can be used as 


the PG port. 

PGO and PG1 can be used independently. 

All PG operate in the same manner except the following 
points, and thus only the operation of PGO will be explained 
below. 

Differences between PGO and PG1 



PGO 

PG1 

Trigger Signal 

from Timer 4 

from Timer 5 



P63/PG03 

(P67/PG13) 


P62/PG02 

(P66/PG12) 


P61/PG01 

(P65/PG11) 


P60/PG00 

{P64/PG10) 



Figure 3.10 (1). Port 6/PG Circuit 
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PGOKR 

(004EH) 


^^ 

7 : 6 ; 5 : 4 

3 ! 2 

1 0 

bit Symbol 

PAT1 ! CCW1 i PG1M i PG1TE 

PATO j CCWO 

PGOM 1 PGOTE 

Read/Write 

R/W 

R/W I 

After reset 

0 

0 

0 

0 

0 

0 

0 0 

Function 

PG 1 write 
mode 

0: 8bit 
write 

1: 4bit 
write 

PG1 

Rotaing 

direction 

0: Normal 
rotation 

1 ; Reverse 
rotation 

PGl mode 
(excitation) 
0: 1 excitation 

or 

2excitation 

1: 1-2 

excitation 

PGl 

trigger 

input 

enable 

0: disable 

1; enable 

PGO write 
mode 

0: 8bit 
write 

1; 4bit 
write 

PGO 

Rotaing 

direction 

0: Normal 
rotation 

1: Reverse 
rotation 

PGO mode iPGO 
(excitation); trigger 

0: lexcitatiorv; input 
or ienabie 

,.^'“'“'““10: disable 
:1: enable 

excitation: 


^—► PGOTrigger inputenable 

0 Trigger input disable to PGO 
1 Trigger input enable to PGO 


Set the operation mode of PGO 
0 1 or 2 excitation (full step) 

1 1 -2 excitation (half step) / PG mode 


PGO (stepping motor control) 
Rotaing direction control 


0 


Normal rotation / PG mode 


1 Reverse rotation 


Selecting PGO write mode 
0 8-blt write 

^ 4-bit write/PG mode 

(Only shifter alternate register can be 
written.) 


Figure 3.10 (2a). Pattern Generation Control Register (PG01CR) 
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PG01CR 

(004EH) 



7 

6 

5 4 

3 i 2 i 1 i 0 

bit Symbol 

PATl 

CCW1 

PG1M 

PGITE 

PATO : CCWO I PGOM j PGOTE 

Readn/Vrite 

R/W 

R/W 

After reset 

0 

0 

0 

0 

0 

0 

0 0 

Function 

PG1 write 
mode 

0: 8bit 
write 

1: 4bit 
write 

PG1 

Rotaing 

direction 

0: Normal 
rotation 

1: Reverse 
rotation 

PG1 mode 
(excitation) 
0: 1 excitation 

or 

2excitation 

1: 1-2 

excitation 

PGl 

trigger 

input 

enable 

3: disable 

1: enable 

PGO write 
mode 

0: 8bit 
write 

1: 4bit 
write 

PGO 

Rotaing 

direction 

0: Normal 
rotation 

1: Reverse 
rotation 

PGO mode iPGO 
(excitation): trigger 

0: lexcitatiorf input 
or : enable 

disable 

:1: enable 
excitation: 


^ PG1 trigger input enable 


0 

Trigger input disable to PGl 

1 

Trigger input enable to PGl 

Set the operation mode of PGl 

0 

1 or 2 excition (full step) 


1-2 excitation (half step) /PG mode 

PGl (stepping motor control) 

" Rotaing direction control 

0 

Normal rotation / PG mode 

1 

Reverse rotation 

Selecting PGl write mode 

0 

8-bit write 

1 

4-bit write / PG mode 

(Only shifter alternate register can be 
written.) 


Figure 3.10 (2b). Pattern Generation Control Register (PG01CR) 
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PGOREG 

(004CH) 



7 

6 

5 

4 

3 I 2 I 1 I 0 

bit Symbol 

PG03 

PG02 

PG01 

PGOO 

SA03 1 SA02 j SA01 SAOO 

Read/Write 

W 

R/W 

After reset 

0 1 

0 

0 

0 

Undefined 

Function 

Pattern Generation 0 (PGO) output latch register 

Shift alternate register 0 


(Reading the P6 that is set to the PG port allows to read-out.) 

For the PG mode (4-bit write) register 


Prohibit Read 

modify write Figure 3.10 (3). Pattern Generation 0 Register (PGOREG) 


PG1REG 

{004DH) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

PG13 

PG12 

PG11 

PG10 

SA13 

SA12 

SA11 

SA10 

Read/Write 

W 

R/W 

After reset 

0 

0 

0 

0 

Undefined 

Function 

Pattern Generation 1 (PG1) output latch register 
(Reading the P6 that is set to the PG port allows to read-out.) 

Shift alternate register 1 

For the PG mode (4-bit write) register 


Prohibit Read 

modify write Figure 3.10 (4). Pattern Generation 1 Register (PG1REG) 
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T45CR 

(003AH) 



7 

6 : 5:4 

3 i 2 

1 0 

bit Symbol 

- 


PGIT j PGOT 

OB6EN j DB4EN 

Read/Write 

R/W 


R/W 1 

After reset 

0 


0 

0 

0 


Function 

Fix at "O" 

Always 
read as 
"0" 


PGl Shift 
trigger 
}; 8-bit timer 
trigger 
(timerO, 1) 

1:16-bit timer 
trigger 

(timers) 

PGO Shift 
trigger 

0:8-bit timer 
trigger 
(timerO, 1) 

1:16bit timer 
trigger 
(timer4) 

Double buffer 

0; Disable 

1: Enable 

Double 
buffer of 
TREG6 

Double 
buffer of 
TREG4 


Double buffer control 
0 Disable 
1 Enable 


DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 


Selecting PGO shift trigger 
0 8-bit timer trigger (timer 0,1) 
1 16-bit timer trigger (timer 4) 


Selecting PGl shift trigger 
0 8-bit timer trigger (timer 0,1) 

1 16-bittimertrigger (timer 5) 


Write "0" to this bit, when this register is modified. 


Figure 3.10 (5). 16-bit Timer Trigger Control Register (T45CR) 
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PG IT 


Port60->63 


Port 64-67 


Figure 3.10 (6). Connection of Timer and Pattern Generator 


(1) Pattern Generation Mode 

PG functions as a pattern generation according to the setting 
of PG01CR <PAT1>/PAT0>. fn this mode, writing from CPU is 
executed only on the shifter alternate register. Writing a new 
data should be done during the interrupt operation of the timer 
for shift trigger, and a pattern can be output synchronous with 
the timer. 


In this mode, set PG01CR <PG0M> and <PG1 M> to 1, 
and PG01 CR <CCW0> and <CCW1 > to 0. 

The output of this pattern generator is output to port 6; 
since port and functions can be switched on a bit basis using 
port function control register P6FC, any port pin can be 
assigned to pattern generator output. 

Figure 3.10 (7) shows the block diagram of this mode. 


Trigger Sigrial from Timer 


/Timer Interrupt 

/ Writing data to SA03-00on| 

1 1 Timer Interrupt 1 1 

1 

1 

_ 1 _ 

A _ 

Shift alternate register 

n-1,\ 


n + 1 A )( 

n + 2 


X n + 3 

output 

(SA03-00) 


Shifting data from 1 \ 

SA03 00toPG03-00 



tr 


Pattern Generator register 

ZDC 


n i 

n +1 

DC 

n + 2 


output 

(PG03-00) 


Example of pattern generation mode 
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T 

Shift due to the shift trigger from timer 

Figure 3.10 (7). Pattern Generation Mode Block Diagram (PGO) 

In this pattern generation mode, only writing the output mode. Accordingly, the data shifted by trigger signal from a 

latch is disabled by hardware, but other functions do the same timer must be written before the next trigger signal is output, 

operation as 1 -2 excitation in stepping motor control port 
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(2) Stepping Motor Control Mode 

® 4-phase 1 -Step/2-Step Excitation 


Figure 3.10 (8) and Figure 3.10 (9) show the output 
waveforms of 4-phase 1 excitation and 4-phase 2 excita¬ 
tion, respectively when channel 0 (PGO) is selected. 


Trigger signal 
from timer 

PG00(P60) 
PGOl (P61) 
PG02(P62) 
PG03(P63) 


[ 

I f 

I [ 

I [ 

1_[ 

1_fl 

b4 

b7 I 

b6 I 

IbS 

b4 r 


b5 

b4 

b7 

_|b6 

|b5 

be 1 

[bS 

b4 

b7 1 

|b6 (_ 

b7 1 

|b6 1 

b5 

b4 

b7 r 







T 

Initial value of PGOREG 0100 x x x x 


Note: bn indicates the initial value of PGOREG <- b7 b6 b5 b4 x x x x 

0 Normal Rotation 


Trigger signal 
from timer 


PGOO (P60) 
PGOl (P61) 
PG02 (P62) 
PG03 (P63) 


b5 


Jl 


b4 


be 


b7 


b4 


JL 


Jb6 


b7 


b4 


b5 


JL. 

"Ll 


b4 


bS 


JhiT 


Jl 


b4 


I be 

Ib7 


Initial value of PGOREG <- 0100 x x x x 

@ Reverse Rotation 


Jl 


Jl 


JT_ 


r~ 


Figure 3.10 (8). Output Waveforms of 4-Phase 1-Step Excitation 
(Normal Rotation and Reverse Rotation) 
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Trigger signal 
from timer 


PGOO (P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 


J1 


A 


A 


A 


A 


A 


IL- 



Initial value of PGOREG <- 0100 x x x x 


Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 


The operation when channel 0 is selected is 
explained below. 

The output latch of PGO (also used as P6) is shifted 
at the rising edge of the trigger signal from the timer to be 
output to the port. 

The direction of shift is specified by PG01CR 
<CCW0>: Normal rotation (PGOO -> PG01 -> PG02 -> 
PG03) when <CCW0> is set to “0”; reverse rotation 
(PGOO <- PG01 PG02 <- PG03) when “1 ”. Four-phase 


1 -step excitation will be selected when only one bit is set 
to “1” during the initialization of PG, while 4-phase 2-step 
excitation will be selected when two consecutive bits are 
set to “1”. 

The value in the shift alternate registers are ignored 
when the 4-phase 1 -step/2-step excitation mode is 
selected. 

Figure 3.10 (10) shows the block diagram. 



rising edge of trigger signal from 
timer. 


Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation 

(Normal Rotation) 
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(D 4-Phase 1 -2 Step Excitation 

Figure 3.10 (11) shows the output waveforms of 4- 


phase 1 -2 step excitation when channel 0 is selected. 


Trigger signal 
from timer 


Ji_n _n_n_n_n_n_ 


PGOO (P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 



T 

Initial value of PGOREG <- 11001000 


Note: bn denotes the initial value of PGOREG <- b7 b6 b5 b4 b3 b2 b1 bO 

(D Normal Rotation 


Trigger signal 
from timer 


PGOO (P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 


Ji _ n n n n _n_rL_ 



Initial value of PGOREG <- 10001100 


(D Reverse Rotation 

Figure 3.10 (11). Output Waveforms of 4-Phase 1-2 Step Excitation 
(Normal Rotation and Reverse Rotation) 
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The initialization for 4-phase 1 -2 step excitation is as 
follows: 

By rearranging the initial value “b7 b6 b5 b4 b3 b2 
b1 bO” to “b7 b3 b6 b2 b5 b1 b4 bO”, the consecutive 3 
bits are set to “1 ” and other bits are set to “0” (positive 
logic). 

For example, if b7, b3, and b6 are set to “1", the ini¬ 
tial value becomes “11001000”, obtaining the output 
waveforms as shown in Figure 3.10 (11). 

To get an output waveform of negative logic, set val¬ 
ues 1 s and O’s of the initial value should be inverted. For 


example, to change the output waveform shown in Fig¬ 
ure 3.10 (11) into negative logic, change the initial value 
to “00110111”. 

The operation will be explained below for channel 0. 

The output latch of PGO (shared by P6) and the 
shifter alternate register (SAO) for Pattern Generation are 
shifted at the rising edge of trigger signal from the timer 
to be output to the port. The direction of shift is set by 
PG01CR <CCW0>. 

Figure 3.10 (12) shows the block diagram. 



PG03 (P63) 


PG02 (P62) 


PG01 (P61) 


PGOO (P60) 


jr|_ is showing to shift the signal at the rising 
edge of trigger signal from the timer. 


Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive channel 0 (PGO) by 4-phase 1 -2 
step excitation (normal rotation) when 




7 

6 

5 

4 

3 

2 

1 

0 

TRUN 

f- 

- 

X 

- 

- 

- 

- 

- 

0 

TMOD 

<- 

0 

0 

X 

X 

- 

- 

0 

1 

TFFCR 

<- 

X 

X 

X 

0 

1 

0 

1 

0 

TREGO 

<— 

* 

* 

* 

* 

* 

* 

* 

* 

P6CR 

<r- 

- 

- 

- 

- 

1 

1 

1 

1 

P6FC 

<- 

- 

- 

- 

- 

1 

1 

1 

1 

PG01CR 

<- 

- 

- 

- 

- 

0 

0 

1 

1 

PGOREG 

<- 

1 

1 

0 

0 

1 

0 

0 

0 

TRUN 

<r- 

1 

- 

- 

- 

- 

- 

- 

1 

Note: x; 

don’t 

care 


no change 






timer 0 is selected, set each register as follows: 


Stop timer 0, and clears it to zero. 

Set 8-bit timer mode and selects 0T1 as the input clock of timer 0. 
Clear TFF1 to zero and enables the inversion trigger by timer 0. 

Set the cycle in timer register. 

Set P60 ~ P63 bits to the output mode. 

Set P60 - P63 bits to the PG output. 

Select PGO 4-phase 1 - 2 step excitation mode and normal rotation. 
Set an initial value. 

Start timer 0. 


(3) Trigger Signal From Timer 

The trigger signal from the timer which is used by PG is not 


equal to the trigger signal of timer flip-flop (TFF1, TFF4, TFF5, 
and TFF6) and differs as shown in Table 3.10 (1) depending on 
the operation mode of the timer. 


Table 3.10 (1) Select of Trigger Signal 



TFF1 Inversion 

PG Shift 

8-bit timer mode 

Selected by TFFCR <TFF1 IS> when the up-counter value matches 
TREGO or TREG1 value. 


16-bit timer mode 

When the up-counter value matches with both TREGO and TREG1 
values. (The value of up-counter = TREGr2® + TREGO) 


PPG output mode 

When the up-counter value matches with both TREGO and TREG1. 

When the up-counter value matches TREG1 value (PPG cycle). 

PWM output mode 

When the up-counter value matches TREGO value and PWM cycle. 

Trigger signal for PG is not generated. 


Note: To shift PG. TFFCR <TFF1 IE> must be set to “1 ” to enable TFF1 inversion. 


Channel 1 of PG can be synchronized with the 16-bit 
timer Timer 4/Timer 5. In this case, the PG shift trigger signal 
from the 16-bit timer is output only when the up-counter UC4/ 
UC5 value matches TREG5/rREG7. 

When using a trigger signal from Timer 4, set either 


T4FFCR <EQ5T4> or T4MOD <EQ5T5> to “1 ” and a trigger is 
generated when the value in UC4 and the value in TREG5 
match. When using a trigger signal from Timer 5, set T5FFCR 
<EQ7T6> to 1. Generates a trigger when the value in UC5 and 
the value in TREG7 match. 
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(4) Application of PG and Timer Output 

As explained in “Trigger signal from timer”, the timing to shift 
PG and invert TFF differs depending on the mode of timer. An 
application to operate PG while operating an 8-bit timer in 


PPG mode will be explained below. 

To drive a stepping motor, in addition to the value of each 
phase (PG output), synchronizing signal is often required at the 
timing when excitation is changed over. In this application, port 
6 is used as a stepping motor control port to output a synchro¬ 
nizing signal to the T01 pin (shared by P71). 


T01 (P71) 

PGOO (P60) 

PG01 (P61) _ 

PG02 (P62) 

PG03 (P63) I [ 


JT 


TREG1 


-I h 

TREGO 




n_r 


L 

r 


Figure 3.10 (13). Output Waveforms of 4-Phase 1-Step Excitation 


Setting example: 




7 

6 

5 

4 

3 

2 

1 

0 


TRUN 

<r- 

- 

- 

- 

- 

- 

- 

0 

0 

Stop timer 0, and clears it to zero. 

TMOD 

<r- 

1 

0 

X 

X 

X 

X 

0 

1 

Set timer 0 and timer 1 in PPG output mode and selects 0T1 as the input clock. 

TFFCR 

<— 

X 

X 

X 

0 

0 

1 

1 

X 

Enable TFF1 inversion and sets TFF1 to “1”. 

TREGO 

<r- 

* 

* 

* 

* 

* 

* 

* 

* 

Set the duty of T01 to TREGO. 

TREG1 

<r- 

* 

* 

* 

* 

* 

* 

* 

* 

Set the cycle ofTOI to TREG1. 

P7CR 

<- 

X 

X 

X 

X 

- 

- 

1 

- 

) Assign P71 as T01. 

P7FC 

<r- 

X 

X 

X 

X 

- 

- 

1 

X 

P6CR 

<- 

- 

- 

- 

- 

1 

1 

1 

1 

) Assign P60 - 63 as PGO. 

P6FC 

<r- 

- 

- 

- 

- 

1 

1 

1 

1 

PG01CR 

<r- 

- 

- 

- 

- 

0 

0 

0 

1 

Set PGO in 4-phase 1-step excitation mode. 

PGOREG 

<- 

* 

* 

* 

* 

* 

* 

* 

* 

Set an initial value. 

TRUN <- 1 

Note; x; don’t care 

X 

no change 



1 

1 

Start timer 0 and timer 1. 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-115 



TMP96C141AF 


TLCS-900 16-bit Microcontroller 


3.11 Serial Channel as well as for I/O extension. 

The TMP96C141AF contains two serial I/O channels for full The serial channel has the following operation modes: 

duplex asynchronous transmission (DART) 


— • I/O interface mode - 

(channel 1 only) 

Note: TMP96C141AF/TMP96C041AF/ 
TMP96CM40F/rMP96PM40F with 
Channel 0 and 1. 

— • Asynchronous transmission 

(DART) mode (channel 0 and 1) 


Mode 0: To transmit and receive I/O data as well as 

the synchronizing signal SCLK for extending I/O. 


— Mode 1: 7-bit data 

— Mode 2: 8-bit data 

— Mode 3: 9-bit data 


In mode 1 and mode 2, a parity bit can be added. Mode Figure 3.11 (1) shows the data format (for one frame) in 

3 has wake-up function for making the master controller start each mode, 
slave controllers in serial link (multi-controller system). 


• Mode 0(1/0 Interface mode) 



-•— Transfer direction 


• Mode 1 (7-bit UART mode) 



• Mode 2 (8-bit UART mode) 



• Mode 3 (9-bit UART mode) 



When bit 8 = 1, address (select code) is denoted. 
When bit 8 = 0, data is denoted. 


Figure 3.11 (1). Data Formats 
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The serial channel has a buffer register for transmitting 
and receiving operations, in order to temporarily store trans¬ 
mitted or received data, so that transmitting and receiving 
operations can be done independently (full duplex). 

However, in I/O interface mode, SCLK (serial clock) pin is 
used for both transmission and receiving, the channel 
becomes half-duplex. 

The receiving data register is of a double buffer structure 
to prevent the occurrence of overrun error and provides one 
frame of margin before CPU reads the received data. The 
receiving data register stores the already received data while 
the buffer register receives the next frame data. 

By using CTS and RTS (there is no RTS pin, so any one 
port must be controlled by software), it is possible to halt data 
send until CPU finishes reading receive data every time a frame 
is received (Handshake function). 

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 


detected to be normal at least twice in three samplings. 

When the transmission buffer becomes empty and 
requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, or framing error occurs 
during receiving operation, flag SC0CFVSC1CR <CERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen¬ 
erator, which can set any baud rate by dividing the frequency 
of four clocks (0TO, 0T2, 0T8, and 0T32) from the internal pres¬ 
caler (shared by 8-bit/16-bit timer) by the value 2 to 16. 

In I/C interface mode, it is possible to input synchronous 
signals as well as to transmit or receive data by external clock. 

3.11.1 Control Registers 

The serial channel is controlled by three control registers 
SCOCR, SCOMCD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 
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SCOMOD 

(0052H) 



7 

6 

5 

4 

3 : 2 1 1 i 0 

bit Symbol 

TBS 

CTSE 

RXE 

WU 

SMI SMO i SCI SCO 

ReadAATrite 

R/W 1 

After reset 

0 

0 

0 

0 

o 

o 

0 0 

Function 

Transfer 

data 

Bits 

Hand 

shake 

0: CTS 

disable 

1: CTS 

enable 

Receiving 

Function 

0: Receive 
disable 
1: Receive 
enable 

Wake up 
Function 

0: disable 

1: Enable 

Serial transmission 

mode 

00: Can not be used 

01: 7-bit UART 

10: 8-bit UART 

11: 9-bit UART 

Serial transmission 
clock (UART) 

00: TOO Trigger 

01: baud rate 

generator 

10: Internal clock (I> 1 

11: don't care 




Serial transmi ssion clock (UART) 


00 

Timer 0 match detect signal 

01 

Baud rate generator 

10 

Internal clock «I>1 

11 

don't care 


■ Serial transmission mode 


00 

Can not be used 

01 

UART 

7-bit length 

10 

8-bit length 

11 

9-bit length 


‘ Wake-up Function 



9-bit UART 

Other mode 

0 

Interrupt when 
data are received 

don't care 

1 

Interrupt only 
when RB8 = 1 


Receiving Function 


0 Receive Disable 
1 Receive Enable 


Hand shake function (CTS Pin) enable 


0 Disable (always Transferable) 
1 Enable 


Transmission data bit 8 


Note: There is SC1 MOD (56H) in Channel 1 

Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD) 
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SCOCR 
(0051H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

RB8 

EVEN 

PE 

OERR 

PERR 

FERR 

— 

— 

ReadAA/rite 

R 

R/W 

R (cleared to Zero when read) 

RAV 1 

After reset 


0 

0 

0 

0 0 

0 

0 

Function 

Received 

data 

Bits 

Parity 

0: Odd 

1: Even 

Parity 

addition 

0: Disable 

1: Enable 

1: error 

Fix at "0" 

Fix at "0" 

Overrun 

Parity 

Framing 


1 . 1 . 1 . I . I . 1 . J 


-Framing error flag 
■Parity error flag 
'Overrun error flag 


Enable parity addition 


0 

Prohibition (disable) 

1 

Permission (enable) 


Addition / check of even parity 


0 

Odd parity 

1 

Even parity 


Receving data bits 




/ Cleared to Zero 
when read. 


Note: Serial control register for channel 1 is SC1CR (55H). 

As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction. 


Figure 3.11 (3). Serial Control Register (Channel, SCOCR) 
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BROCR 



7 

6 

5 4 

3 : 2:110 

bit Symbol 

— 


BROCK1 ; BROCKO 

BR0S3 i BR0S2 j BR0S1 j BROSO 

ReadAA/rite 



R/W 1 

After reset 

0 


0 0 

0 

0 

0 

0 

Function 

Fix at "0" 


00: ^T0{fc/4) 

01: ^T2(fc/16) 

10: ^T8(fc/64) 

11: ^T32 (fc/256) 

Setting of the Divided frequency 


c 


Setting of the divided frequency 
of baud rate generator 


Selecting the input clock of 
baud rate generator 


0000 

16 divisions 

0001 

Don't set 

0010 

2 to 15 divisions 

nil 



00 

Internal clock ^TO (fc/4) 

01 

Internal clock ^T2 (fc/16) 

10 

Internal clock »JT8 (fc/64) 

11 

Internal clock ^T32 (fc/256) 


Note; As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction. 

Figure 3.11 (4). Serial Channel Control (Channel 0, BROCR) 



7 

6 

5 

4 

3 

2 

1 

0 


[ 

TB7 

TB6 

TBS 

TB4 

TBS 

TB2 

TB1 

TBO 

] (Transmission) 

SCOBUF 

(50H) 

7 

6 

5 

4 

3 

2 

1 

0 


[ 

RB7 

RB6 

RB5 

RB4 

RB3 

RB2 

RB1 

RBO 

] (Receiving) 


Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF) 
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SC1MOD 

(0056H) 



7 

6 

5 

4 

3 2 

1 0 

bit Symbol 

TBS 

— 

RXE 

WU 

SMI SMO 

SCI SCO 

Read/Write 

RW 1 

After reset 

0 

0 

0 

0 

0 0 

0 0 

Function 

Transferee) 

data 

Bits 

Fix at "0" 

Receiving 

Function 

0: Receive 

disable 

1: Receive 

Enable 

Wake up 

Function 

0: disable 

1: enable 

Serial Transmission 

mode 

•00: I/O interface 

mode 

01: 7-Bit UART 

10; 8-Bit UART 

11: 9-Bit UART 

Serial Transmission 

clock (UART) 

00; TOO Trigger 

01: Baud rate 

generator 

10: Internal clock 4>1 

11: don't care 


I_._I L_,_I_,_I_,_I_,_I 


Serial transmission clock (For UART) 


00 

Timer 0 match detect signal 

01 

Baud rate generator 

10 

Internal clock <t>l 

11 

don't care 


Note: The clock selection for the I/O interface 
mode is controlled by the serial control 
register (SCICR). 


Serial transmission mode 


00 

I/O interface mode 

01 

UART mode 

7-Bit length 

10 

8-Bit length 

11 

9-Bit length 


Wake up Function 



9-Bit UART 

Other mode 

0 

Interrupt when 
data are received 

don't care 

1 

Interrupt only 
when RB8 = 1 


Receiving control 


0 

Receive disable 

1 

Receive enable 


'--► Transmission data bits 

Figure 3.11 (6). Serial Mode Control Register (Channel 1, SCI MOD) 
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SC1CR 

(0055H) 




7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

RB8 

EVEN 

PE 

OERR 

PERR 

FERR 

SCLKS 

IOC 

ReadAA/rite 

R 

R/W 

R (clear to Zero when read) 

RW I 

After reset 


0 

0 

0 

0 

0 

0 

0 

Function 

Received 

data 

Bits : 

Parity 

0: Odd 

1: Even 

Parity 

addition 

0: Disable 

1 : Enable 

1 : error 

0: SCLK1 

c_r) 

1:SCLK1 

CT-) 

0 : 

Baud rate 

generator 

1:SCLK1 
Pin input 

Overrun 

Parity 

Framing 


Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction. 

Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR) 
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BR1CR 

{0057H) 



7 

6 

5 4 

3 i 2 i 1 i 0 

bit Symbol 

— 


BRICKI i BR1CK0 

BR1S3 i BR1S2 j BR1S1 j BR1S0 

ReadA/Vrite 



RAA/ 1 

After reset 

0 


0 0 

o 

o 

o 

o 

Function 

Fix at "0" 


00: ?iT0(fc/4) 

01: yiT2 (fc/16) 

10: ^T8(fc/64) 

11: ^5T32(fc/256) 

Setting of the Divided frequency 


I_ I ___I 


Setting of the divided frequency of baud rate 
generator _ 


0000 

16 divided 

0001 

Don't set 

0010 


1 

2 to 5 divisions 

1111 



Selecting the input clock of baud rate generator 


00 

Internal clock j^TO (fc/4) 

01 

Internal clock y5T2 (fc/16) 

10 

Internal clock ^T8 (fc/64) 

11 

Internal clock ^T32 (fc/256) 


Note: To use baud rate generator, set TRUN <PRRUN> to “1", putting the prescaler in RUN mode. 

Figure 3.11 (8). Baud Rate Generator Control Register (Channel 0, BROCR) 



7 

6 

5 

4 

3 

2 

1 

0 


[ 

TB7 

TB6 

TBS 

TB4 

TB3 

TB2 

TB1 

TBO 

J (Transmission) 

SC1BUF 

(0054H) 

7 

6 

5 

4 

3 

2 

1 

0 


[ 

RB7 

RB6 

RB5 

RB4 

RB3 

RB2 

RB1 

RBO 

J (Receiving) 


Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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P9FC 

(001DH) 



7 

6 

5 

4 

3 

2 

0 

bit Symbol 



P95F 


P93F 

P92F ; 

P90F 

Read/Write 



W 


W 

W 

W 




0 


0 

0 

0 




0: PORT 

1:SCLKl 


0: PORT 

1:TxD1 

0:PORT ; 

1:SCLKO ; 

i 0: PORT 
! l:TxD0 


Prohibit Read 
modify write 

Note: The TMP96CM40 and TMP96PM40 
have register P92F, The TMP96C141 
does not. (In other wordes, SCLK 0 
cannot be specified.) 


C 


Setting P90 as TxPO output 


0 Port output 
1 TxDO (channel 0) output 


Setting P93 as TxDI output 


0 Port output 
1 TxDI (channel 1) output 


Setting P95 as SCLK output 


Port output 

SCLKl (channel 1) output 


Figure 3.11 (10). Port 9 Function Register (P9FC) 



Port 3.11 (11). Port 9 Open Drain Enable Register (ODE) 


MCU900-124 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 






























TLCS-900 16-bit Microcontroller 


TMP96C141AF 


3.11.2 Configuration 

Figure 3.11 (12) shows the block diagram of the serial channel 0. 



Figure 3.11 (12). Block Diagram of the Seriai Channel 0 
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Figure 3.11 (13) shows the block diagram of the serial channel 1. 


BR1CR<BR1CK1.0> 

: 41' 

l^TO (fc/4) 

!^T2 {fc/16) 

;^TB(fc/64) 

1,4T32 (fc/256) 


Serial clock generation circuit- 

TOOTRG (Timer 0 comparator output) 

UTT 


l^l(fc/2)- 


. Baud rate . 
generator 


4 id- 


saKi c 

^'(Shared 


SCLK1 □- 
Output 
^{Shared 
! byPdS) 


TT 

SC1MOD 

<SC1.0> 


TT 


SC1MOD 

<SM1,0> 


\/0 interface mode 


SCI MOD 
<IOC> 


Receive 
counter 
(UARTonly -r 

RXDCL K |r 


16) 


SCI MOD 

<rxe>-H 


INTRX1 INTTX1 

_J_L_ 


SCIMOC^ Serial channel 
interrupt 
control 


Transmission 

counter 

(UARTonly 16) 


Receive 

control 


TXDC LK I f 


Transmission 

control 


i .- i 

I Parity control I 


RxDO □- 


(Shared by P94) 


j Receive bufferl{Shift register) 




Receive buffer2 (SC1BUF) 


Error flag 
—T—I—1“ 


I I t 


-1 

i 


j TB8 j Transmission buHer (SCI BUF) ^ 






-*dTxD0 
(Shared by P93) 


Internal bus 


Figure 3.11 (13). Block Diagram of the Serial Channel 1 
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(D Baud Rate Generator 

Baud rate generator comprises a circuit that gener¬ 
ates transmission and receiving clocks to determine the 
transfer rate of the serial channel. 

The input clock to the baud rate generator, <f)T0 (fc/ 
4), <j)T2 (fc/16), 0T8 (fc/64), or ^T32 (fc/256) is generated 
by the 9-bit prescaler which is shared by the timers. One 


of these input clocks is selected by the baud rate genera¬ 
tor control register BR0CR/BR1 OR <BR0CK1, 0/ 
BR1CK1,0>. 

The baud rate generator includes a 4-bit frequency 
divider, which divides frequency by 2 to 16 values to 
determine the transfer rate. 

How to calculate a transfer rate when the baud rate 
generator is used is explained below. 


• UART mode 

Transfer rate = Input clock of baud rate generator ^ 

Frequency divisor of baud rate generator 

• I/O interface mode 

Transfer rate = Input clock of baud rate generator ^ 2 

Frequency divisor of baud rate generator 

The relation between the input clock and the source clock (fc) Is as follows: 

0TO = fc/4 
^T2= fc/16 
0T8= fc/64 
0T32 = fc/256 

Accordingly, when source clock fc is 12.288 MHz, input clock is ^T2 (fc/16), and frequency divisor is 5, the transfer rate 
in UART mode becomes as follows: 

Transfer rate = fc/16 ^ -j0 

5 

= 12.288 X 10®/16/5/16 = Q600 (bps) 

Table 3.11 (1) shows an example of the transfer rate in UART mode. 

Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.11 (2) shows an example of baud rate using 
timer 0. 

Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) 


Unit (kbps) 


fc [Mhz] 

input Clock 

Frequency\,^^ 

Divisor 

0TO 

(fc/4) 

0T2 

(fc/16) 

4>T8 

(fc/64) 

0T32 

(fc/256) 


2 

76.800 

19.200 

4.800 

1.200 

T 

4 

38.400 

9.600 

2.400 

0.600 

T 

8 



1.200 

0.300 

t 

0 



0.600 

0.150 

12.288000 

5 


9.600 

2.400 

0.600 

T 

A 



1.200 

0.300 

14.745600 

3 

76.800 

19.200 


1.200 

t 

6 


9.600 

2.400 

0.600 

T 

C 


4.800 

1.200 

0.300 


Note: Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table. 
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Table 3.11 (2) Selection of Transfer Rate (1) (When Timer 0 (Input Clock 0T1) is Used) 


Unit (Kbps) 


fc 

TREGO 

12.288MHz 

12MHz 

9.8304MHz 

8MHz 

6.144MHz 

1H 

96 


76.8 

62.5 

48 

2H 

48 


38.4 

31.25 

24 

3H 

32 

31.25 



16 

4H 

24 


19.2 


12 

5H 

19.2 




9.6 

8H 

12 


9.6 


6 

AH 

9.6 




4.8 

10H 

6 


4.8 


3 

14H 

4.8 




2.4 


How to calculate the transfer rate (when timer 0 is used): 

Transfer rate = fc 

TREG0x8x16 

^-(When timer 0 (input clock 0T1) is used) 

Input clock of timer 0 
0T1 = ^78 
0T4= 

0T16= ^7128 

Note: Timer 0 match detect signal cannot be used as the transfer clock in I/O interface mode. 


(D Serial Clock Generation Circuit 

This circuit generates the basic clock for transmitting 
and receiving data. 

1) I/O interface mode (channel 1 only) 

When in SCLK output mode with the set¬ 
ting of SC1CR <IOC> = “0", the basic clock 
will be generated by dividing by 2 the output 
of the baud rate generator as described 
before. When in SCLK input mode with the 
setting of SC1CR <IOC> = “1", the rising 
edge or falling edge will be detected accord¬ 
ing to the setting of SC1CR <SCLKC> regis¬ 
ter to generate the basic clock. 

2) Asynchronous Communication (UART) mode 

According to the setting of SCOCR and 
SC1CR <SC1,0>, the above baud rate gen¬ 
erator clock, internal clock 01 (500 Kbps @ fc 
= 16 MHz), or the match detect signal from 
timer 0 will be selected to generate the basic 
clock SIOCLK. 
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(D Receiving Counter 

The receiving counter is a 4-bit binary counter 
used in asynchronous communication (UART) mode 
and counts up by SIOCLK clock. Sixteen pulses of 
SIOCLK are used for receiving one bit of data, and 
the data bit is sampled three times at 7th, 8th and 
9th clock. 

With the three samples, the received data is 
evaluated by the rule of majority. 

For example, if the sampled data bit is “1", “0” and 
“1 ” at 7th, 8th and 9th clock respectively, the received 
data is evaluated as “1 ”. The sampled data “0", “0” and 
“1 ” Is evaluated that the received data is “0”. 

(D Receiving Control 


1) I/O interface mode (channel 1 only) 

When in SCLK1 output mode with the 
setting of SC1CR <IOC> = “0", RxDI signal 
will be sampled at the rising edge of shift 
clock which is output to SCLK pin. 

When in SCLK input mode with the set¬ 
ting SCI CR <IOC> = “1", RxDI signal will be 
sampled at the rising edge or falling edge of 
SCLK Input according to the setting of 
SC1 CR <SCLKS> register. 

COMPONENTS, INC. 
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2) Asynchronous Communication (UART) mode 

The receiving control has a circuit for 
detecting the start bit by the rule of majority. 
When two or more “0” are detected during 3 
samples, it is recognized as start bit and the 
receiving operation is started. 

Data being received is also evaluated by 
the rule of majority. 

(D Receiving Buffer 


To prevent overrun error, the receiving buffer has a 
double buffer structure. 

Received data is stored one bit by one bit in the 
receiving buffer 1 (shift register type). When 7 bits or 8 
bits of data are stored in the receiving buffer 1, the stored 
data is transferred to another receiving buffer 2 (SCOBUF/ 
SC1BUF), generating an interrupt INTRX0/INTRX1. The 
CPU reads only receiving buffer 2 (SC0BUF/SC1 BUF). 
Even before the CPU reads the receiving buffer 2 
(SC0BUF/SC1 BUF), the received data can be stored in 


the receiving buffer 1. However, unless the receiving 
buffer 2 (SC0BUF/SC1 BUF) is read before all bits of the 
next data are received by the receiving buffer 1, an over¬ 
run error occurs. If an overrun error occurs, the contents 
of the receiving buffer 1 will be lost, although the contents 
of the receiving buffer 2 and SCOCR <RB8> SC1CR 
<RB8> are still preserved. 

The parity bit added in 8-bit UART mode and the 
most significant bit (MSB) in 9-bit UART mode are stored 
in SCOCR <RB8>/SC1CR <RB8>. 

When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1 MOD <WU> to “1", and interrupt INTRXO/ 
INTRX1 occurs only when SCOCR <RB8>/SC1CR 
<RB8> is set to “1 ”. 

<© Transmission Counter 

Transmission counter is a 4-bit binary counter which 
is used in asynchronous communication (UART) mode 
and, like a receiving counter, counts by SIOCLK clock, 
generating TxDCLK every 16 clock pulses. 


SIOCLK XJLJUILXXXXXXXXXXXXXJLJJL 

15 16 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 |;^ 2 

TXDCLK -l!L - - 


Figure 3.11 (14). Generation of Transmission Clock 


® Transmission Controller 


1) I/O interface mode (channel 1 only) 

In SCLK output mode with the setting of 
SCI CR <IOC> = “0", the data in the trans¬ 
mission buffer are output bit by bit to TxD1 
pin at the rising edge of shift clock which is 
output from SCLK1 pin. 

In SCLK input mode with the setting 
SC1 CR <IOC> = “1", the data in the trans¬ 
mission buffer are output bit by bit to TxDI 


pin at the rising edge or falling edge of SCLK 
input according to the setting of SCI CR 
<SCLKC> register. 

2) Asynchronous Communication (UART) mode 

When transmission data is written in the 
transmission buffer sent from the CPU, trans¬ 
mission starts at the rising edge of the next 
TxDCLK, generating a transmission shift 
clock TxDSFT. 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-129 




TMP96C141AF 


TLCS-900 16-bit Microcontroller 


Handshake function 


Serial channel 0 has a CTSO pin. Using 
this pin, data can be sent in units of one 
frame; thus, overrun errors can be avoided. 
The handshake function is enabled/disabled 
by SCOMOD <CTSE >. 

When the CTSO pin goes high, after 
completion of the curr ent dat a send, data 
send is halted until the CTSO pin goes low 


again. The INTTXO Interrupts are generated, 
requests the next send data to the CPU. 

Though there is no RTS pin, a hand¬ 
shake function can be easily co nfigur ed by 
setting a ny po rt assigned to the RTS func¬ 
tion. The RTS should be output “High” to 
request data send halt after data receive is 
completed by a software in the RXD interrupt 
routine. 


.9 6 C 1 ..41_ ._96-Q-14I 


TxD 


RxD 




RTS (any port) 



Sender Receiver 


Figure 3.11 (15). Handshake Function 


Timing to write 
transmission buffer 


_n 


jiSend is suspendedTv 
from (1) to (2). (4 

0) 13 14 


SIOCLK 

TxDCLK 


13 14 15 16 1 2 3 14 15 16 1 2 3 

,^JLJLJ_JJLJLJUvU1-J^^ 


J1 


AS- 


J1 


TxD 


A start bit » 


/ bitO 


Note 1: If the CTS signal falls during transmission, the next data i s not sent after the completion of the current transmission. 
Note 2: Transmission starts at the first TxDCLK clock fall after the CTS signal falls. 

Figure 3.11 (16). Timing of CTS (Clear to Send) 
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® Transmission Buffer 

Transmission buffer (SC0BUF/SC1BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order, using transmission 
shift clock TxDSFT which is generated by the transmis¬ 
sion control. When all bits are shifted out, the transmis¬ 
sion buffer becomes empty and generates INTTXO/ 
INTTX1 interrupt. 

(D Parity Control Circuit 

When serial channel control register SCOCR <PE>/ 
SC1CR <PE> is set to “1", it is possible to transmit and 
receive data with parity. However, parity can be added 
only in 7-bit UART or 8-bit UART mode. With SCOCR 
<EVEN>/SC1CR <EVEN> register, even (odd) parity can 
be selected. 

For transmission, parity is automatically generated 
according to the data written in the transmission buffer 
SCBUF, and data are transmitted after being stored in 
SCOBUF <TB7>/SC1 BUF <TB7> when in 7-bit UART 
mode while in SCMOD <TB8>/SCMOD <TB8> when in 
8-bit UART mode. <PE> and <EVEN> must be set 
before transmission data are written in the transmission 
buffer. 

For receiving, data is shifted in the receiving buffer 1, 
and parity is added after the data is transferred in the 
receiving buffer 2 (SC0BUF/SC1 BUF), and then com¬ 
pared with SCOBUF <RB7>/SC1 BUF <RB7> when in 7- 


bit UART mode and with SCOMOD <RB8>/SC1 MOD 
<RB8> when in 8-bit UART mode. If they are not equal, a 
parity error occurs, and SCOCR <PERR>/SC1CR 
<PERR> flag is set 

® Error Flag 

Three error flags are provided to increase the reliabil¬ 
ity of receiving data. 

1. Overrun error <OERR> 

If all bits of the next data are received in 
receiving buffer 1 while valid data is stored in 
receiving buffer 2 (SCBUF), an overrun error 
will occur. 

2. Parity error <PERR> 

The parity generated for the data shifted 
in receiving buffer 2 (SCBUF) is compared 
with the parity bit received from RxD pin. If 
they are not equal, a parity error occurs. 

3. Framing error <FERR> 

The stop bit of received data is sampled 
three times around the center. If the majority 
is “0", a framing error occurs. 


® Generating Timing 
1) UART mode 

Receiving 




Interrupt timing 

9-Bit 

Center of last bit (Bit 8) 

8-Bit + Parity 

Center of last bit (parity bit) 

8-Bit, 7-Bit + Parity, 7-Bit 

Center of stop bit 

Framing error timing 



Center of stop bit 

Parity error timing 

Center of last bit (Bit 8) 

Center of last bit (parity bit) 

Center of stop bit 

Overrun error timing 

Center of last bit (Bit 8) 

Center of last bit (parity bit) 

Center of stop bit 


Note: Framing error ocours after an interrupt has occurred. Therefore, to check for framing error during interrupt operation, it is necessary to wait for 1 bit 
period of transfer rate. 

Transmitting 




9-Bit 

8-Bit + Parity 

8-Bit, 7-Bit + Parity, 7-Bit 

Interrupt timing 

Just before last bit is transmitted. 

4- 

<r- 
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2) I/O Interface mode 


Transmission interrupt timing 

SCLK output mode 

Immediately after rise of last SCLK signal (See Figure 3.11 (19)). 

SCLK input mode 

Immediately after rise of last SCLK signal (rising mode), or immediately after fall in falling mode 
(See Figure 3.11(20)). 

Receiving interrupt timing 

SCLK output mode 

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after 
last SCLK (See Figure 3.11(21)). 

SCLK input mode 

Timing used to transfer received data to data receive buffer 2 (SCIBUF); that is, immediately after 
SCLK (See Figure 3.11 (22)). 


3.11.3 Operational Description 

(1) Mode 0 (I/O interface mode) 


This mode is used to increase the number of I/O pins for trans¬ 
mitting or receiving data to or from the external shifter register. 

This mode includes SCLK output mode to output syn¬ 
chronous clock SOLK and SCLK Input mode to input external 
synchronous clock SCLK. 


Output Input 

extension extension 



TC74HC595 or TC74HC165 or 

the like the like 


Figure 3.11 (17). Example of SCLK Output Mode Connection 



Figure 3.11 (18). Example of SCLK Input Mode Connection 
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® Transmission time the CPU writes data in the transmission buffer. When 

all data is output, INTES1 <ITX1 C> will be set to generate 
In SCLK output mode, 8-bit data and synchronous clock INTTXI interrupt, 

are output from TxD pin and SCLK pin, respectively, each 


transmission 

data 

SCLK output 
TxD 

TXDSFT 


- 

■ 





l_f l_J 

rn 

Lv-j 

) 1_ i 

i 1— i 


)( bito X biti 

DC 


X bite 

X bit? 

_x 

_n_ 

JL 


_n_ 

Jl_ 

_n_ 


ITXK (INTTX1_,_ii_T 

interrupt request] ” 


Figure 3.11 (19) Transmitting Operation in I/O Interface Mode (SCLK Output Mode) 


In SCLK output mode, 8-bit data are output from TxD1 
pin when SCLK input becomes active while data are 
written in the transmission buffer by CPU. 


When all data are output, INTES1 <ITXIC> will be set 
to generate INTTXI interrupt. 


SCLKinput 

(SCLKC = 0; Rising edge mode) 



SCLKinput 

(SCLKC = 1: Falling edge mode) 

TxD y bito X bin y ^ ^bits Y bit6 Y bit? X * 

txdsft _ n n n 


ITX1C (INTTXI- 

interrupt request) 



Figure 3.11 (20). Transmitting Operation in I/O Interface Mode (SCLK Input Mode) 
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(D Receiving 

In SCLK output mode, synchronous clock is output 
from SCLK pin and the data is shifted in the receiving 
buffer 1 whenever the receive interrupt flag INTES1 


<IRX1 C> is cleared by reading the received data. 
When 8-bit data are received, the data will be trans¬ 
ferred in the receiving buffer 2 (SC1BUF) at the timing 
shown below, and INTES1 <IRX1C> will be set again 
to generate INTRX1 interrupt. 


IRX1C 

SCLK 



RxD _ bito 

Timing to shift data in 
the receiving buffer 2 


XZ^ 


'><5it^'r~X~bit6~ X bit7 


Generate 

INTRX1 


::ri 


Figure 3.11 (21). Receiving Operation in I/O Interface Mode (SCLK Output Mode) 


In SCLK input mode, the data is shifted in the receiving 
buffer 1 when SCLK input becomes active, while the 
receive interrupt flag INTES1 <IRX1C> is cleared by read¬ 
ing the received data. When 8-bit data is received, the 


data will be shifted in the receiving buffer 2 (SC1 BUF) at 
the timing shown below, and INTES1 <IRX1 C> will be set 
again to generate INTRX interrupt. 


SCLK input 

(SCLKC = 0: Rising edge mode) 


SCLKinput ——— 

(SCLKC = 1; Falling edge mode) 


RxD 


Timing to shift data 
in the receiving 
buffer 2 



bit 0 


bit 1 




bits 


bit? 


Generate . 
INTRX1 




Figure 3.11 (22). Receiving Operation in I/O Interface Mode (SCLK Input Mode) 


Note: For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = “1 ”) 
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(2) Mode 1 (7-bit UART Mode) 

The 7-bit mode can be set by setting serial channel 
mode register SCOMOD <SM1,0> /SC1 MOD <SM1, 
0> to “01”. 

In this mode, a parity bit can be added, and the addi¬ 
tion of a parity bit can be enabled or disabled by serial 
channel control register SCOCR <PE> /SC1CR <PE>, 


and even parity or odd parity is selected by SCOCR 
<EVEN> /SCI CR <EVEN> when <PE> Is set to “1 ” 
(enable). 

Setting example: When transmitting data with the 
following format, the control 
registers should be set as described 
below. Channel 0 is explained here. 



Direction of transmission (transmission rate: 2400 bps @ fc = 12.288MHz) 




7 

6 

5 

4 

3 

2 

1 

0 

P9CR 

<- 

X 

X 

- 

- 

- 

- 

- 

1 

P9FC 

<- 

X 

X 

- 

X 

- 

X 

X 

1 

SCOMOD 

<r- 

X 

0 

- 

X 

0 

1 

0 

1 

SCOCR 

<- 

X 

1 

1 

X 

X 

X 

0 

0 

BROCR 

f- 

0 

X 

1 

0 

0 

1 

0 

1 

TRUN 


1 

X 

- 

- 

- 

- 

- 

- 

INTESO 

<r- 

1 

1 

0 

0 

- 

- 

- 

- 

SCOBUF 


* 

* 

* 

* 

it 

* 

* 

* 

Note: x; don’t 

care 

no change 







(3) Mode 2 (8-bit UART Mode) 

The 8-bit UART mode can be specified by setting 
SCOMOD <SM1,0> / SCI MOD <SM1,0> to “10”. In 
this mode, parity bit can be added, the addition of a 
parity bit is enabled or disabled by SCOCR <PE> / 


) Select P90 as the TxD pin. 

Set 7-bit UART mode. 

Add an even parity. 

Set transfer rate at 2400 bps. 

Start the prescaler for the baud rate generator. 
Enable INTTXO interrupt and sets interrupt level 4. 
Set data for transmission. 


SCI CR <PE>, and even parity or odd parity Is selected 
by SCOCR <EVEN>/SC1CR <EVEN> when <PE> Is 
set to “1 ” (enable). 

Setting example: When receiving data with the 

following format, the control register 
should be set as described below. 



Direction of transmission (transmission rate: 9600 bps @ fc = 12.288MHz) 
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Main setting 


7 

6 

5 

4 

3 

2 

1 

0 


P9CR 

«— 

X 

X 

- 

- 

- 

- 

0 

- 

Select P91 (RxD) as the input pin. 

SCOMOD 

<r- 

- 

0 

1 

X 

1 

0 

0 

1 

Enable receiving in 8-bit UART inode. 

SCOCR 

«- 

X 

0 

1 

X 

X 

X 

0 

0 

Add an odd parity. 

BROCR 

<- 

0 

X 

0 

1 

0 

1 

0 

1 

Set transfer rate at 9600 bps. 

TRUN 

<r- 

1 

X 

- 

- 

- 

- 

- 

- 

Start the prescaler for the baud rate generator. 

INTESO 


- 

- 

- 

- 

1 

1 

0 

0 

Enable INTTXO interrupt and sets interrupt level 4. 


Interrupt processing 

Accf-SCOCRandOOOmOO \ check for error. 

If Acc;.iO then ERROR ^ 

Acc ^ SCOBUF Read the received data. 

Note: x; don’t care no change 


(4) Mode 3 (9-bit UART Mode) 

The 9-bit UART mode can be specified by setting 
SCOMOD <SM1,0> /SC1 MOD <SM1,0> to “11 In 
this mode, parity bit cannot be added 
For transmission, the MSB (9th bit) is written in SCMOD 
<TB8>, while in receiving it is stored in SCCR <RB8>. 
For writing and reading the buffer, the MSB is read or 
written first, then SCOBUF/SC1 BUR 


Wake-up function 

In 9-bit UART mode, the wake-up function of slave 
controllers is enabled by setting SCOMOD <WU> / 

SCI MOD <WU> to “1”. The interrupt INTRX1/INTRXO 
occurs only when <RB8> = 1 



Note: TxD pin of the slave controllers must be in open drain output mode. 

Figure 3.11 (23). Serial Link Using Wake-Up Function 
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Prot(Xol 

® Select the 9-bit UART mode for master and slave 
controllers. 


(D The master controller transmits one-frame data 
including the 8-bit select code for the slave control¬ 
lers. The MSB (bit 8) <TB8> is set to “1 


(D Set SCOMOD <WU>/SC1 MOD <WU> bit of each 
slave controller to “1 ” to enable data receiving. 



Select code of slave controller "1" 


@ Each slave controller receives the above frame, and 
clears WU bit to “0” if the above select code matches 
its own select code. 


(D The master controller transmits data to the specified 
slave controller whose SCOMOD <WU>/SC1 MOD 
<WU> bit is cleared to “0.” The MSB (bit 8) <TB8> is 
cleared to “0”. 



(D The other slave controllers (with the <WU> bit remain¬ 
ing at “1 ”) ignore the receiving data because their 
MSBs (bit 8 or <RB8>) are set to “0” to disable the 
Interrupt INTRX0/INTRX1. 


The slave controllers (WU = 0) can transmit data 
to the master controller, and it is possible to Indicate 
the end of data receiving to the master controller by 
this transmission. 
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Setting Example; To link two slave controllers serially 
with the master controller, and use 


the internal clock (fc/2) as the 
transfer clock. 



Select code Select code 

00000001 00001010 


Since serial channels 0 and 1 operate in exactly the way, channel 0 is used for the purposes of explanation, 
same 


• Setting the master controller 
Main setting 


P9CR 

<- 

X 

X 

- 

- - 0 1 

) Select P90 as TxD pin and P91 as RxD pin. 

P9FC 

<- 

X 

X 

X 

- X X 1 

INTESO 

<- 

1 

1 

0 0 

110 1 

Enable INTTXO and sets the interrupt level 4. 

Enable INTRXO and sets the interrupt level 5. 

SCOMOD 

<- 

1 

0 

1 0 

1110 

Set 01 (fc/2) as the transmission clock in 9-bit UART mode. 

SCOBUF 

<- 

0 

0 

0 0 

0 0 0 1 

Set the select code for slave controller 1. 


INTTXO interrupt 

SCOMOD <- 

- 

0 

- 

- - - - Set TBS to "0”. 

SCOBUF 

* 

* 

* * 

* * * * Set data for transmission. 

• Setting the slave controller 2 


Main setting 

P9CR «- 

X 

X 

_ _ 

- - 0 1 \ 

P9FC <- 

X 

X 

X 

^ ^ ^ j Select P91 as RxD pin and P90 as TxD pin (open drain output). 

o 

t 

X 

X 

X X 

X X - 1 

INTESO 

1 

1 

0 1 

1110 Enable INTRXO and INTTXO. 


SCOMOD <-00111110 Set <WU> to "1” in the 9-bit UART transmission mode with transfer 

clock 01 (fc/2). 

INTRXO interrupt 
Acc«-SCOBUF 
If Acc = Select Code 

ThenSCOMOD4 - Clear <WU> to “0”. 
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3.12 Analog/Digital Converter 

The TMP96C141AF contains a high-speed analog/digital con¬ 
verter (A/D converter) with 4-channel analog input that features 
10-bit successive approximation. 


Figure 3.12 (1) shows the block diagram of the A/D con¬ 
verter. The 4-channel analog input pins (AN3 to ANO) are 
shared by input-only P5 and so can be used as input port. 


Internal bus 



Figure 3.12 (1). Block Diagram of A/D Converter 

Note: This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sample and 
hold circuit externally. 
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ADMOD 

(005EH) 


^ Analog input channel select 



Normal 

Scan mode 

00 

ANO 

ANO 

01 

AN1 

ANO^ANI 

10 

AN2 

AN0-^AN1-»AN2 

11 

AN3 

ANO-^AN 1 ->AN2-*AN3 


A/D conversion start 


0 


1 

Start A/D conversion. 


Note) Always "0" when data is read. 
A/D conversion speed selection 


0 A/D High speed conversion mode: 160 states = 20^s (@16MHz) 
1 A/D Low speed conversion mode : 320 states = 40//S {@16MHz) 


Specification of A/D scan mode 

0 

Fixed A/D conversion channel mode 

1 

A/D conversion channel scan mode 


Selecting A/D repeat mode 


0 A/D conversion single mode 
1 A/D conversion repeat mode 
A/D conversion busy flag 
0 A/D conversion not busy 
1 A/D conversion busy 
A/D conversion end flag 
0 A/D conversion not ended nor started 
1 A/D conversion ended 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

EOCF 

ADBF 

REPET 

SCAN 

ADCS 

ADS 

ADCH1 

ADCHO 

Read/Write 


RAA/ 1 

After reset 

0 

0 

0 

0 

0 

0 

0 


Function 

A/D 

conversion 

End Flag 

1:END 

A/D 

conversion 
BUSY Flag 

IrBUSY 

Repeat 

mode 

0: Single 
mode 

1: Repeat 
mode 

Scan 

mode 

0: Fixed 
channel 

mode 

1: Channel 

Scan 

mode 

A/D 

conversion 

Speed 

0: High 
speed 
mode 

1: Low 
speed 
mode 

AfD 

conversion 

Start 

1: 

conversion 

Start 

Always 
read as 
-0" 

Analog Input 
Channel Select 


1 - 1 1 1 1 1 1 


Figure 3.12 (2). A/D Control Register 
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ADREGOL 

(0060H) 



7 

6 

5 

4 

3 

2 

1 

0 


ADR01 

ADROO 







momi 

_«_ 1 

After reset 

Undefined 

1 

1 

1 

1 

1 

1 


Lower 2 bits of A/D result for ANO are stored. 


ADREGOH 
(0061H) 



7 

6 

5 

4 

3 

2 

1 

0 



ADR08 







Read/Write 

R 

After reset 

Undefined 


Upper 8 bits of A/D result for ANO are stored. 


ADREG1L 

(0062H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

ADR11 

ADR10 







Read/Write 

R 

After reset 

Undefined | 1 

1 

1 i 1 

_ i _ 

1 

1 

Function 

Lower 2 bits of A/D result for AN1 are stored. 


ADREG1H 

(0063H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

ADR19 

ADR18 

ADR17 

ADR16 

ADR15 

ADR14 

ADR13 

ADR12 

Read/Write 

R 

After reset 

Undefined 

Function 

Upper 8 bits of A/D result for AN1 are stored. 


Figure 3.12 (3-1). A/D Conversion Result Register (ADREGO, 1) 
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Lower 2 bits of A/D result for AN2 are stored. 
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3.12.1 Operation 

(1) Analog Reference Voltage 

High analog reference voltage is applied to the VREF 
pin, and low analog reference voltage is applied to 
AGND pin. 

The reference voltage between VREG and AGND Is 
divided by 1024 using ladder resistance, and com¬ 
pared with the analog input voltage for A/D conversion. 

(2) Analog Input Channels 

Analog input channel is selected by ADMOD <ADCH1, 
0>. However, which channel to select depends on the 
operation mode of the A/D converter. 

In fixed analog input mode, one channel is selected by 
ADMOD <ADCH1,0> among four pins: ANO to AN3. 

In analog input channel scan mode, the number of 
channels to be scanned from ANO is specified by 
ADMOD <ADCH1,0>, such as ANO AN1, ANO 
AN1 -> AN2, and ANO AN1 -» AN2 AN3. 

When reset, A/D conversion channel register will be ini¬ 
tialized to ADMOD <ADCH1,0> = 00, so that ANO pin 
will be selected. 

The pins which are not used as analog input channel 
can be used as ordinary input port P5. 

(3) Starting A/D Conversion 

/VD conversion starts when A/D conversion register 
ADMOD <ADS> is written “1". When A/D conversion 
starts, A/D conversion busy flag ADMOD <ADBF> 
which indicates “A/D conversion is in progress” will be 
set to “1". 

(4) A/D Conversion Mode 

Both fixed /VD conversion channel mode and /VD 
conversion channel scan mode have two conversion 
modes, i.e., single and repeat conversion modes. 

In fixed channel repeat mode, conversion of specified 
one channel is executed repeatedly. 

In scan repeat mode, scanning from ANO, AN3 is 
executed repeatedly. 

/VD conversion mode is selected by ADMOD <REPET, 
SCAN>. 


(5) A/D Conversion Speed Selection 

There are two /VD conversion speed modes: high 
speed mode and low speed mode. The selection is 
executed by ADMOD <ADCS> register. 

When reset, ADMOD <ADCS> will be initialized to “0,” 
so that high speed conversion mode will be selected. 

(6) A/D Conversion End and Interrupt 

• A/D conversion single mode 

ADMOD <EOCF> for A/D conversion end will be 
set to “1,” ADMOD <ADBF> flag will be reset to “0,” 
and INTAD interrupt will be enabled when /VD conver¬ 
sion of specified channel ends in fixed conversion 
channel mode or when A/D conversion of the last 
channel ends In channel scan mode. 

• /VD conversion repeat mode 

For both fixed conversion channel mode and con¬ 
version channel scan mode, INTAD should be disabled 
when in repeat mode. Always set the INTEOAD at 
“000,” that disables the interrupt request. 

Write “0” to ADMOD <REPET> to end the repeat 
mode. Then, the repeat mode will be exited as soon as 
the conversion in progress is completed. 

(7) Storing the /VD Conversion Result 

The results of/VD conversion are stored in ADREGO to 
ADREG3 registers for each channel. In repeat mode, 
the registers are updated whenever conversion ends. 
ADREGO to ADREG3 are read-only registers. 

(8) Reading the /VD Conversion Result 

The results of /VD conversion are stored in ADREGO to 
ADREG3 registers. When the contents of one of 
ADREGO to ADREG3 registers are read, ADMOD 
<EOCF> will be cleared to “0". 

Setting example: When the analog input voltage of the 

AN3 pin is /VD converted and the 
result is stored in the memory 
address FF10H by A/D interrupt 
INTAD routine. 
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Main setting 

INTEOAD 

ADMOD 


110 0 - 
X X 0 0 0 


Enable INTAD and sets interrupt level 4. 

Specify AN3 pin as an analog Input channel and starts A/D conversion in high speed 
mode. 


INTAD routine 
’WA <- 

WA > 

jOOFFlOH) <- 


ADREG3 
> 6 
WA 


Read ADREG3L and ADREG3H values and writes to WA (16 bit). 
Right-shifts WA six times and writes 0 in upper bits. 

Writes contents of WA in memory at FF10H. 


When the analog input voltage of ANO ~ AN2 pins is A/D converted in high speed conversion channel scan repeat mode. 


INTEOAD 

ADMOD 


1 0 1 


Disable INTAD. 

Start the A/D conversion of analog Input channels ANO ~ AN2 in the high-speed 
scan repeat mode. 


Note: x; don’t care no change 


3.13 Watchdog Tinner (Runaway Detecting Timer) 

The TMP96C141AF is containing watchdog timer of Runaway 
detecting. 

The watchdog timer (WDT) is used to return the CPU to 
the normal state when it detects that the CPU has started to 
malfunction (runaway) due to causes such as noise. When the 


watchdog timer detects a malfunction, it generates a non¬ 
maskable Interrupt to notify the CPU of the malfunction, and 
outputs 0 externally from watchdog timer out pin WDTOUT to 
notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin 
internally forces a reset. 
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3.13.1 Configuration 

Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT). 



Figure 3.13 (1). Block Diagram of Watchdog Timer 
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The watchdog timer is a 22-stage binary counter which 
uses (j) (fc/2) as the input clock. There are four outputs from the 
binary counter: 2^®/fc, 2^®/fc, 2^°/fc, and 2^^/fc. Selecting one 
of the outputs with the WDMOD register generates a watch¬ 
dog interrupt, and outputs watchdog timer out when an over¬ 
flow occurs. _ 

Since the watchdog timer out pin (WDTOUT) outputs “0” 
due to a watchdog timer overflow, the peripheral devices can 


be reset. The watchdog timer out pin is set to 1 by clearing the 
watchdog timer (by writin g a clear c ode 4EH in the WDCR reg¬ 
ister). In other words, the WDTOUT keeps outputting “0” until 
the clear code is written. 

The watchdog timer out pin can also be connected to the 
reset pin in ternally. In this case, the watchdog timer out pin 
(WDTOUT) outputs 0 at 8 to 20 states (800ns to 2ns @ 
20MHz) and resets itself. 


WDT Counter 

WDT Interrupt 

WDT Clear 
(Soft ware) 


- 

Clear code of write 

- 


WDTOUT 




Figure 3.13 (2). Normal Mode 


WDT Counter _n 

WDT Interrupt _ 

WDTOUT_ 

(Internal Reset) 


Over flow 



Figure 3.13 (3). Reset Mode 
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3.13.2 Control Registers 

Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 

(1) Watchdog Timer Mode Register (WDMOD) 

0 Setting the detecting time of watchdog timer 
<WDTP> 

This 2-bit register is used to set the watchdog timer 
interrupt time for detecting the runaway. This register is 
initialized to WDMOD <WDTP1,0> = 00 when reset, 
and therefore 2^^/fc is set. (The number of states is 
approximately 32,768). 

@ Watchdog timer enable/disable control register 
<WDTE> 

When reset, WDMOD <WDTE> is initialized to “1” 
enable the watchdog timer. 


To disable, it is necessary to clear this bit to “0” and 
write the disable code (B1H) in the watchdog timer 
control register WDCR. This makes it difficult for the 
watchdog timer to be disabled by runaway. 

However, it is possible to return from the disable state 
to enable state by merely setting <WDTE> to “1 

(D Watchdog timer out reset connection <RESCR> 

This register is used to conn ect the output of the 
watchdog timer with RESET terminal, internally. Since 
WDMOD <RESCR> is initialized to 0 at reset, a reset 
by the watchdog timer will not be performed. 

(2) Watchdog Timer Control Register (WDCR) 

This register is used to disable and clear the binary 
counter of the watchdog timer function. 


• Disable control 


WDMOD ^ 0 

WDCR <- 1 0 


- - X X Clear WDMOD <WDTE> to “0". 

0 0 0 1 Write the disable code (B1H). 


• Enable control counting by writing clear code (4EH) into the WDCR reg- 

Set WDMOD <WDTE> to “1". ister. 

• Watchdog timer clear control 

The binary counter can be cleared and resume 


WDCR <-01001110 Write the clear code (4EH). 
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WDMOD 

(005CH) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

WDTE 

WDTP1 

WDTPO 

WARM 

HALTMO 

HALTMO 

RESCR 

DRVE 

Read/Write 

RW 1 

After reset 

1 

0 

0 

0 

0 

0 

0 

0 


WDT 

Select detecting time 

Warming 

Standby mode 

1: 

1: 


control 

00; 216/fc 


Uptime 

00: RUN mode 

Internally 

Drive the 

Function 


01: 218/fc 



01: STOP mode 

connects 

pin even in 

1: Enable 

10: 220/fc 

11: 222/fc 


0: 214/fc 
1:2i6/fc 

10: IDLE mode 

11: Don't care 

WDT out to 

the reset pin 

STOP mode 


1 _ _1. 1 i - 1 _J 



ORVE (explanation by stop mode) 
Watchdog timer out control 


0 

— 



Connects WDT out to a reset 


Select the standby mode HALT instruction 

00 

RUN mode (Only the CPU stops) 

01 

STOP mode (All circuits stop) 

10 

IDLE mode (Only the oscillator operates) 

11 

Don't care 

Select the detecting period of watchdog 
timer 

0 

214/fc (approx. 1.0ms ®16MHz) 


1 

218/fc (approx. 4.1 ms @16MHz) 


Select the detecting time of watchdog timer 

00 

216/fc (approx. 4.1ms @16MHz) 


01 

218/fc (approx. 16ms@16MHz) 


10 

220/fc (approx. 66ms @16MHz) 


11 

222/fc (approx. 262ms @16MHz) 


Watchdog timer Enable / Disable control 

0 

Disable 


1 

Enable 



Figure 3.13 (4). Watchdog Timer Mode Register 
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Figure 3.13 (5). Watchdog Timer Control Register 
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3.13.3 Operation 

The watchdog timer generates interrupt INTWD after the 
detecting time set in the WDMOD <WDTP1,0> register and 
outputs a low level signal. The watchdog timer must be zero- 
cleared by software before an INTWD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INTWD Interrupt and it is possible to return to normal oper¬ 


ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices’ resets, a CPU 
malfunction can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after 
resetting is released. 

The watchdog timer stops its operation in the IDLE and 
STOP modes. In the RUN mode, the watchdog timer is 
enabled. 

However, the function can be disabled when entering the 
RUN mode. 


Example: © Clear the binary counter 

WDCR <-01001110 Write clear code (4EH). 

(D Set the watchdog timer detecting time to 2^®/fc 
WDMOD 1 0 1 - - - X X 


@ Disable the watchdog timer 

WDMOD <-0-----xx Clear WDTE to T. 

WDCR <- 1 0 1 1 0 0 0 1 Write disable code (B1H). 

© Set IDLE mode 

WDMOD <_ 0 - - - 1 0 X X 

WDCR <- 1 0 1 1 0 0 0 1 

Executes HALT command 

(D Set the STOP mode (warming up time: 2^®/fc) 

WDMOD <- - - - 1 0 1 X X Set the STOP mode. 

Executes HALT command Execute HALT instruction. Set the standby mode. 


Disables WDT and sets IDLE mode. 
Set the standby mode 


MCU900-150 


TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TLCS-900 16-bit Microcontroller 


TMP96C141AF 


4. Electrical Characteristics 
4.1 Absolute Maximum (TMP96C141AF) 


Symbol 

Parameter 

Rating 

Unit 

Vcc 

Power Supply Voltage 

-0.5 ~ 6.5 

V 

VIN 

Input Voltage 

-0.5 ~ Vcc+ 0.5 

V 

SIOL 

Output Current (total) 

100 

mA 

IlOH 

Output Current (total) 

-100 

mA 

PD 

Power Dissipation (Ta = /O^C) 

600 

mW 

TSOLDER 

Soldering Temperature (10s) 

260 

°C 

TSTG 

Storage Temperature 

-65-150 

”0 

TOPR 

Operating Temperature 

-20-70 

°C 


4.2 DC Characteristics (TMP96C141AF) 

Vcc = 5V ± 10%, Ta = -20 ~ YO^’C (Typical values are for Ta = 25'’C and = 5V) 


Symbol 

Parameter 

Min 

Max 

Unit 

Test Condition 

VIL 

Input Low Voltage (ADO-15) 

-0.3 

0.8 

V 


VIL1 

P2, P3. P4, P5, P6, P7. P8, P9 

-0.3 

0.3Vcc 

V 


VIL2 

RESET. NMI, INTO (P87) 

-0.3 

0.25Vcc 

V 


VIL3 

EA 

-0.3 

0.3 

V 


VIL4 

XI 

-0.3 

0.2Vcc 

V 


VIH 

Input High Voltage (ADO-15) 

2.2 

Vcc+ 0.3 

V 


VIH1 

P2. P3. P4, P5. P6, P7. P8. P9 

0.7V„ 

Vcc+ 0.3 

V 


VIH2 

RESET. NMI. INTO (P87) 

0.75Vcc 

Vcc+ 0.3 

V 


VIH3 

U 

Vcc-0.3 

Vcc+ 0.3 

V 


VIH4 

XI 

0.8Vcc 

Vcc+ 0.3 

V 


VOL 

Output Low Voltage 


0.45 

V 

I0L = 1.6mA 

VOH 

Output High Voltage 

2.4 


V 

IOH = -400|jA 

V0H1 


0.75Vcc 


V 

IOH = -100mA 

V0H2 


0.9V,e 


V 

I0H= -20mA 

IDAR 

Darlington Drive Current 
(8 Output Pins max.) 

-1.0 

-3.5 

mA 

V EXT-1.5V 

REXT = 1.1KQ 

ILI 

Input Leakage Current 

0.02 (Typ) 

5 

.mA ' 

0.0 < Vjp < Vcc 

ILO 

Output Leakage Current 

0.05 (Typ) 

.. 

UA 

0.2<Vin<Vcc-0.2 

1 cc 

Operating Current (RUN) 

IDLE 

STOP(Ta = -20-70°C) 

STOP(Ta = 0~50°C) 

26 (Typ) 

1.7 (Typ) 

0.2 (Typ) 

50 

10 

50 

10 

1 mA 
mA 
mA 
mA 

Tosc = 1^Hz 

0.2<Vin^Vcc-0.2 

0.2<Vin<Vcc-0.2 

VSTOP 

Power Down Voltage 
(@ST0P. RAM Back up) 

2.0 

6.0 

V 

VIL2 = 0.2V|^, 

VIH2 = 0.8Vcc 

RRST 

RESET Pull Up Register 

50 

150 

KQ 


CIO 

Pin Capacitance 


10 

PF 

tosc = 1MHz 

VTH 

Schmitt Width 

RESET. NMI. INTO (P87) 

0.4 

1.0 (Typ) 

V 


RK 

Pull Down/Up Register 

50 

150 

KQ 



Note: l-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C141AF) V^c = 5V±10%, Ta = -20 - 70°C (4MHz - 20MHz) 


No. 

Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

1 

^osc 

Osc. Period (= x) 

50 

250 

62.5 


50 


ns 

2 

tCLK 

CLK width 

2X-40 


85 


60 


ns 

3 

t« 

A0-23Valid->CLKHold 

0.5X-20 


11 


5 


ns 

4 


CLKValid^AO-23 Hold 

1.5X-70 


24 


5 


ns 

5 

kl 

AO-15 Valid-^ALE fall 

0.5X-15 


16 


10 


ns 

6 

kk 

ALEfalUA0-15Hold 

0.5X-15 


16 


10 


ns 

7 

tu 

ALE High width 



23 


10 


ns 

8 

tic 

ALE fall-^RD/WR fall 

0.5X-30 


1 


-5 


ns 

9 

kl 

RD/Wr rise^ALE rise 

0.5X-20 


11 


5 


ns 

10 

UCL 

A0-15Valid->®/WRfall 

x-25 


38 




ns 

■I 

UCH 


1.5X-50 


44 


25 


ns 

m 

kk 






5 


ns 

m 

Udl 

AO-15 Valid-^DO-15 input 






105 

ns 

14 

koH 

AO-23 Valid->D0-15 input 


3.5X-65 


Q^H 



ns 

15 

^RD 

®fall-^D0-15 input 


2.0X-50 


75 



ns 

16 

^RR 

RDLow width 

2.0X-40 


85 




ns 

17 

^HR 

® rise^D0-15Hold 

0 


0 


jjlliDI 


ns 

18 

^RAE 

RD rise->A0 -15 output 

x-15 


48 


lilies 


ns 

19 

tww 

WRLow width 

2.0X-40 


85 




ns 

20 

bw 

D0-15Valid-^WRrise 

2.0X-50 


75 


50 


ns 

21 

Wd 

WRrise^D0-15Hold 

0.5X-10 


21 


15 


ns 

22 

Wh 

AO - 23 Valid->VWf input (1 WAIT + n mode) 






85 

ns 

23 

UWL 

AO -15 Valid-^WAiT input (1WAIT + n mode) 






70 

ns 

24 

few 

Wm falUWM Hold (IWAIT + n mode) 

2.0X + 0 


125 


100 


ns 

25 

Uph 

AO-23Valid-»PORTinput 




80 


36 

ns 

26 

UpH2 

AO-23Valid->PORTHold 

2.5X + 50 


206 


175 


ns 

27 

kp 

WRrise-^PORT Valid 







ns 

28 

USRH 

A0-23Valid-^^fall 

I.Ox-40 


23 


10 


ns 

IQ, 


A0-15Valid->^fall 



16 


10 


ns 

HQ! 








86 

ns 

B|l 

^RAH 

a^falUA0-15Hold 



16 




ns 



^Low width 



85 




ns 

IQ 

^RP 

RASHigh width 

2.0X-40 


85 


[||||^||[| 


mm 

34 

tRSH 

fall-^^ rise 

I.Ox-35 


28 


15 


ns 

35 

tRSC 

Ms rise-^CAS rise 

0.5X-25 


6 


0 


ns 

36 

^RCD 

MSfall->MSfall 

I.Ox-40 


23 


10 


ns 

37 

kkC 

CAS fall^DO-15 input 


1.5X-65 


29 


10 

ns 

38 

kkS 

CAS Low width 

1.5X-30 


64 


40 


ns 


AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF____ 

(However CL = 100pF for ADO ~ AD15.AD0 ~ AD23, ALE, RD, WR, HWR, Fl/W, CLK, RAS, C^ ~ CAS2) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

HighO.SVcc /Low 0.2Vcc (Except for ADO ~ AD15) 
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(2) Write Cycle 
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4.4 A/D Conversion Characteristics (TMP96C141AF) 

Vcc = 5V±10%TA = -20 ~ 70°C 


Symbol 

Parameter 

Min 

tVp 

Max 

Unit 

Vref 

Analog reference voltage 

Vcc-1.5 

Vcc 

Vcc 

V 

Aqnd 

Analog reference voltage 

Vss 

Vss 

Vss 

Vain 

Analog input voltage range 

Vss 


Vsc 

■ref 

Analog current for analog reference voltage 


0.5 

1.5 

mA 

Error 

(Quantize error of 
ifl.5 LSB not included) 

4<fc 

< 16MHz 

Low speed conversion mode 


±1.5{TBD) 

±4.0 

LSB 

High speed conversion mode 


d3.0(TBD) 

ifi.O 

16<fc 

< 20MHz 

Low speed conversion mode 


±1.5 (TBD) 

±4.0 

High speed conversion mode 


±1.0 PD) 

ifi.O 


4.5 Serial Channel Timing - I/O Interface Mode 

Vcc = 5V±10% TA = -20 - 70°C 


(1) SCLK Input Mode 



Parameter 

Variable 



m 

Min 




Min 


^SCY 

SCLK cycle 

16x 




0.8 



toss 

Output Data->rising edge of SCLK 

tscY/2-5x-50 




100 


ns 

toHS 

SCLK rising edge-»output data hold 

5X-100 






H9[ 

tHSR 

SCLK rising edge->input data hold 

0 






noli 

tsRD 

SCLK rising edge->effective data input 


PWiWfia 





IQII 


(2) SCLK Output Mode 


Symboi 

Parameter 

Variabie 


20MHz 

_ 

Unit 

Min 




Min 

Max 

tsCY 

SCLK cycle (programmable) 

16x 


1 


0.8 

409.6 

MS 

toss 

Output Data->rising edge of SCLK 

tscY-2x-150 




550 


ns 

tons 

SCLK rising edge->output data hold 

2X-80 




20 


ns 

tnsR 

SCLK rising edge-^input data hold 

0 






ns 

tsRD 

SCLK rising edge->effective data input 







ns 


4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 

Vcc = 5V±10%TA = -20 ~ 70°C 


Symboi 

Parameter 

Variable 

_ 


20MHz 


Min 




Min 

Max 

tvCK 

Clock cycle 



600 


500 


ns 

tvCKL 

Low level clock pulse width 

4x + 40 


290 


240 


ns 

tvCKH 

High level clock pulse width 

4x + 40 


290 


240 


ns 
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4.7 Interrupt Operation 

Vcc = 5V±10% Ta = -20 ~ 70°C 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 


Max 

Min 


Min 

Max 

^INTAL 

NMi, INTO Low level pulse width 

4x 


250 




ns 

tiNTAH 

IM, INTO High level pulse width 

4x 


250 




ns 

tiNTBL 

1NT4 ~ 1NT7 Low level pulse width 

8X + 100 


600 




ns 

tiNTBH 

1NT4 ~ INT7 High level pulse width 

8X + 100 


600 


500 


ns 
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4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 



ALE 





Symbol 

Parameter 

Variable 

16MHz 



Min 

Max 

Min 

Max 

Min 


^BRC 

BUSRQ setup time forCLK 

120 


120 


120 


ns 

^CBAL 

CLK->BUSAK falling edge 


1.5X+120 


214 


195 

ns 

tBAH 

CLK->BUSAK rising edge 


0.5X + 40 


71 


65 


Uba 

Output buffer is off to BUSAK { _ 

0 




0 

80 

ns 

^BAA 

BUSAK __J output buffer is on. 


80 

0 

|||[^^ 

0 


ns 


Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0” during “Wait” cycle. 

Note 2: This line only shows the output buffer is off-states. They don’t indicate the signal levels are fixed. After the bus is released, the signal level is kept 

dynamically before the bus Is released by the external capacitance. Therefore, to fix the signal level by an external resistance under the bus is releasing, 
the design must be carefully because of the level-fix will be delayed. The internal programmable pull-up/pull-down resistance is switched active by the 
internal signal. 
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TLCS-900 16-bit Microcontroller 


5. Table of Special Function Registers 
(SFRs) 

(SFR; Special Function Register) 

The special function registers (SFRs) include the I/O ports 
and peripheral control registers allocated to the 128-byte 
addresses from 0000CX)H to 00007FH. 


(1) I/O port 

(2) I/O port control 

(3) Timer control 

(4) Pattern Generator control 

(5) Watch Dog Timer control 

(6) Serial Channel control 

(7) A/D converter control 

(8) Interrupt control 

(9) Chip Select/Wait Control 


Configuration of the table 

-►bit Symbol 
-►Read/Write 
-►Initial value afrer reset 
■►Remarks 
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Table 5 I/O Register Address Map 


Address 

Name 

Address 

Name 

Address 

Name 

— 

Address 

Name 




TRUN 

40H 

TREG6L 

60H 

ADREGOL 

1H 

P1 

21H 


41H 

TREG6H 

61H 

ADREGOH 

2H 

POCR 

22H 

TREGO 

42H 

TREG7L 

62H 

ADREG1L 

3H 


23H 

TREG1 

43H 

TREG7H 

63H 

ADREG1H 

4H 

P1CR 

24H 

TMOD 

44H 

CAP3L 

64H 

ADREG2L 

5H 

P1FC 

25H 


45H 

CAP3H 

65H 

ADREG2H 

6H 

P2 

26H 


46H 

CAP4L 

66H 

ADREG3L 

7H 

P3 

27H 

TREG3 

47H 

CAP4H 

67H 

ADREG3H 

8H 

P2CR 

28H 


48H 

T5M0D 

68H 

BOCS 

9H 

P2FC 

29H 


49H 

T5FFCR 

69H 

B1CS 

AH 

P3CR 

2AH 

PFFCR 

4AH 


6AH 

B2CS 

BH 

P3FC 

2BH 


4BH 


6BH 


CH 

P4 

2CH 


4CH 

PGOREG 

6CH 


DH 

P5 

2DH 


4DH 

PG1REG 

6DH 


EH 

P4CR 

2EH 


4EH 

PG01CR 

6EH 


FH 


2FH 


4FH 


6FH 


10H 

P4FC 

30H 

TREG4L 

50H 

SCOBUF 

70H 


11H 


31H 

TREG4H 

51H 

SCOCR 

71H 


12H 

P6 

32H 

TREG5L 

52H 

SCOMOD 


INTE67 

13H 

P7 

33H 

TREG5H 

53H 

BROCR 


INTET10 

14H 

P6CR 

34H 

CAP1L 

54H 

SC1BUF 


INTEPW10 

15H 

P7CR 

35H 

CAP1H 

55H 

SC1CR 


INTET54 

16H 

P6FC 

36H 

CAP2L 

56H 

SCI MOD 


INTET76 

17H 

P7FC 

37H 

CAP2H 

57H 

BR1CR 

77H 

INTESO 

18H 

P8 

38H 

T4M0D 

58H 

ODE 

78H 

INTES1 

19H 

P9 

39H 

TFF4CR 

59H 


79H 


1AH 

P8CR 

3AH 

T45CR 

5AH 


7AH 


1BH 

P9CR 

3BH 


5BH 


7BH 

IIMC 

1CH 

P8FC 

3CH 


5CH 

WDMOD 

7CH 

DMAOV 

1DH 

P9FC 

SDH 


5DH 

WDCR 

7DH 

DMA1V 

1EH 


3EH 


5EH 

ADMOD 

7EH 

DMA2V 

1FH 


3FH 


5FH 


7FH 

DMA3V 
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TLCS-900 16-bit Microcontroller 


(1) I/O Port 


Symbol 


Address 

7 

6 

5 

4 

3 

2 

1 

0 

PO 

PORTO 

OOH 

P07 

P06 

P05 

P04 

P03 

P02 

P01 

POO 

R/W 

Input mode 

Undefined 

P1 

P0RT1 

01H 

PI 7 

P16 

PI 5 

PI 4 

PI 3 

P12 

P11 

P10 

R/W 

Input mode 

0 

0 

0 

0 

0 

0 

0 

0 

P2 

P0RT2 

06H 

P27 

P26 

P25 

P24 

P23 

P22 

P21 

P20 

R/W 

Input mode 

0 

0 

0 

0 

0 

0 

0 

0 

P3 

PORTS 

07H 

P37 

P36 

P35 

P34 

P33 

P32 

P31 

P30 

R/W 

Input mode 

Output mode 

1 

1 

1 

1 

1 

1 

1 

1 

P4 

P0RT4 

OCH 






P42 

P41 

P40 






R/W 






Input mode 






0 

1 

1 

P5 

PORTS 

ODH 





P53 

P52 

P51 

P50 





R 





Input mode 

P6 

P0RT6 

12H 

P67 

P66 

P65 

P64 

P63 

P62 

P61 

P60 

R/W 

Input mode 

1 

1 

1 

1 

1 

1 

1 

1 

P7 

P0RT7 

13H 





P73 

Wi 

P71 

P70 





R/W 





Input mode 





1 

1 

1 

1 

P8 

PORTS 

18H 

P87 

P86 

P85 

P84 

P83 

P82 

P81 

P80 

R/W 

Input mode 

1 

1 

1 

1 

1 

1 

1 

1 

P9 

P0RT9 

19H 



P95 

P94 

P93 

P92 

P91 

P90 



R/W 



Input mode 



1 

1 

1 

1 

1 

1 


Note: When P30 pin is defined as TO signal output mode (P30F = 1), clearing the output latch register P30 to “0” outputs the TO strobe from P30 pin for 
PSRAM, even when the internal address is accessed. If the output latch register P30 remains “1 ”, the TO strobe is output only when the external 
address is accessed. 

ReadAA/rite RA/V : Either read or write is possible 

R ; Only read is possible 

W : Only write is possible 

Prohibit RWM ; Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/ANDOF/ORCF/XORCF Instruction) 
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(2) I/O Port Control (1/2) 
Symbol I Name I Address 




Note: With^e TMP96C141AArMP96C141 /VTMP96C041 A, which requires an external ROM, PORTO functions as ADO to AD7: PORT1, ADS to ADI 5; P30, 
the RD signal: P31 , the WR signal, regardless of the values set in POOR, PI OR, P1FC, P30F and P31F. 
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I/O Port Control (2/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

P6CR 

P0RT6 

Control 

14H 

(Prohibit 

RMW) 

P67C 

P66C 

P65C 

P64C 

P63C 

P62C 

P61C 

P60C 

w I 

0 

0 

0 0 

0 

0 

0 

0 

0; IN 1: OUT 

P7CR 

P0RT7 

Control 

15H 

(Prohibit 

RMW) 





P73C 

P72C 

P71C 

P70C 





W 





0 

0 

0 

0 





0:IN 1:0UT 

P6FC 

P0RT6 

Function 

16H 

(Prohibit 

RMW) 

P67F 

P66F 

P65F 

P64F 

P63F 

P62F 

P61F 

P60F 

W 

0 

0 

0 

0 

0 

0 

0 


0: PORT 1:PG1-OUT 

0: PORT 1:PG0-OUT 

P7FC 

P0RT7 

Function 

17H 

(Prohibit 

RMW) 





P73F 

P72F 

P71F 






W 






0 

0 

0 






0: PORT 

1 :T03 

0:P0RT 

1:T02 

0: PORT 

1 ;T01 


P8CR 

PORTS 

Control 

1AH 

(Prohibit 

RMW) 

PS7C 

PS6C 

PS5C 

PS4C 

P83C 

P82C 

PS1C 

P80C 

W 

0 

0 

0 

0 

0 

0 

0 

0 

0: IN 1: OUT 


P0RT9 

Control 

1BH 

(Prohibit 

RMW) 



P95C 

P94C 

P93C 

P92C 

P91C 

P90C 1 



W 



0 

0 

0 

0 

0 

0 



0:IN1:OUT 


PORTS 

Function 

1CH 

(Prohibit 

RMW) 


PS6F 



P83F 

P82F 




W 



W 

W 







0 

0 




wmm 



0:PORT 

1:T05 





P0RT9 

Function 

1DH 

(Prohibit 

RMW) 



P95F 








W 


W 

W 


W 1 



0 


0 






0: PORT 
1;SCLK1 





iiM 
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(3) Timer Control (1/4) 



Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 


Timer 

Control 

20H 



T5RUN 

T4RUN 




TORUN 



R/W 

IH^H 


lUHQIIII 





0 

Prescaler and Timer Run/Stop CONTROL 

0: Stop and Clear 

1; Run (Count up) 

TREGO 

8bit Timer 
Register 0 

22H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG1 

8bit Timer 
Register 1 

23H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TMOD 

8bit Timer 
Source CLK 
and MODE 

24H 

(Prohibit 

RMW) 

T10M1 

T10M0 

PWMM1 

PWMMO 

T1CLK1 

T1CLK0 

T0CLK1 

TOCLKO 

W 

0 

0 

0 

0 

0 

0 

0 

0 

00; 8-bit Timer 

01:16-bit Timer 

10: 8-bit PPG 

11: 8-bit PWM 

00; - 

01:2®-1 PWM 

10:2^-1 

00: TOOTRG 

01: 0T1 

10; 0T16 

11: 0T256 

00: TIO Input 

01 : 0T1 

10: 0T4 

11:0T16 

TFFCR 

8bit Timer 
Flip-flop 
Control 

25H 




DBEN 

TFF1C1 

TFF1C0 

TFF1IE 

TFF1IS 




R/W 

W 

R/W 




0 

0 

0 

0 

0 




1: Double 
Buffer 
Enable 

00: Invert TFF1 

01 :SetTFF1 

10: Clear TFF1 

11: Don’t care 

1 :TFF1 

Invert 

Enable 

0: Inverted 
by 

Timer 0 

TREG2 

PWM Timer 
Register 2 

26H 

- 

{R)/W (Can read double buffer values.) 

Undefined 

TREG3 

PWM Timer 
Register 3 

27H 

- 

(R)/W (Can read double buffer values.) 

Undefined 

POMOD 

PWMOMODE 

28H 

(Prohibit 

RMW) 

FF2RD 

DB2EN 

PWMOINT 

PWMOM 

T2CLK1 

T2CLK0 

PWM0S1 

PWMOSO 1 

R 

W 

- 

0 

0 

0 

0 

0 

0 

0 

TFF2 output 
value 

1: Double 
Buffer 
Enable 

0: Overflow 
Interrupt 

1: Compare/ 
Match 
Interrupt 

0:PWM 

Mode 

1: Timer 

Mode 

00: 0P1(fc/4) 

01: 0P4(fc/16) 

10: 0P16(fc/64) 

11: Don’t care 

00:2®-1 

01:2^-1 

10:2®-1 

11: Don’t care 

P1M0D 

PWMl MODE 

29H 

(Prohibit 

RMW) 

FF3RD 

DB3EN 

PWM1INT 

PWM1M 

T3CLK1 

T3CLK0 

PWM1S1 

PWM1S0 

R 

W 

- 

0 

0 

0 

0 

0 

0 

0 

TFF3 output 
value 

1: Double 
Buffer 
Enable 

0: Overflow 
Interrupt 

1: Compare/ 
Match 
Interrupt 

0:PWM 

Mode 

1: Timer 

Mode 

00: P1(fc/4) 

01: ^ P4(fc/16) 

10: 0P16(fc/64) 

11: Don’t care 

00:2®-1 

01: 2^-1 

10 : 28-1 

11:Don’tcare 
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Timer Control (2/4) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

PFFCR 

PWM 

Flip-flop 

Control 

2AH 

FF3C1 

FF3C0 

FF3TRG1 

FF3TRG0 



FF2TRG1 

FF2TRG0 

W 

R/W 

W 

R/W 

ruz: 


ro 

1 0 

0 

0 

^0 


00: Don’t care 

01 :SetTFF3 

10: Clear TFF3 

11; Don’t care 

00: Prohibit TFF3 
Inverted 

01: Invert if matched 

10: Set if matched; 

Clear if overflowed 
11: Clear if matched: 
set if overflowed 

00: Don’t care 

01 :SetTFF2 

10: Clear TFF2 

11: Don’t care 

00: Prohibit TFF2 
Inverted 

01: Invert if matched 

10: Set if matched; 

Clear if overflowed 
11 : Clear if matched; 
set if overflowed 

TREG4L 

16-bit Timer 
Register 4L 

30H 

(Prohibit 

RMW) 

- 

W 

Undefined 


16-bit Timer 
Register 4H 

31H 

(Prohibit 

RMW) 

- 

W 

Undefined 


16-bit Timer 
Register 5L 

32H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG5H 

16-bit Timer 
Register 5H 

33H 

(Prohibit 

RMW) 

- 

W 

Undefined 

CAP1L 

Capture 
Register 1L 

34H 

- 

R 

Undefined 

CAP1H 

Capture 
Register 1H 

35H 

- 

R 

Undefined 

CAP2L 

Capture 
Register 2L 

36H 

- 

R 

Undefined 

CAP2H 

Capture 
Register 2FI 

37H 

- 

R 

Undefined 

T4M0D 

16-bit Timer 4 
Source 
CLKand 
MODE 

38H 

CAP2T5 

EQ5T5 

CAP1IN 

CAP12M1 

CAP12M0 

CLE 

T4CLK1 

T4CLK0 

R/W 

W 

R/W 


0 

0 

0 

0 

0 

0 

0 

0 

TFF5INVTRG 

0: TRG Disable 

1:TRG Enable 

0: Soft- 
Capture 

1: Don’t care 

Capture Timing 

00: Disabie 

01:T14 t T15 t 
10:T14 t T14 i 
11:TFF1 T TFF1 i 

1 :UC4 

Clear 

Enable 

Source Clock 

00:TI4 

01: 0T1 

10: ^T4 

11:0T16 


MCU900-166 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



























TLCS-900 16-bit Microcontroller 


TMP96C141AF 


Tinner Control (3/4) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

T4FFCR 

16bitTimer4 

Flip-flop 

Control 

39H 

TFF5C1 

TFF5C0 

CAP2T4 

CAP1T4 

EQ5T4 

EQ4T4 

TFF4C1 

TFF4C0 

1 W 

1 fVW 

1 W 

0 

0 

0 

0 

0 

0 

0 

0 

00: Invert TFF5 

01 :SetTFF5 

10: Clear TFF5 

11: Don’t care 

TFF4 Invert Trigger 

0: Trigger Disable 

1: Trigger Enable 

Source Clock 

00: Invert TFF4 
01:SetTFF4 

10: Clear TFF4 

11: Don’t care 


T4, T5 Control 

3AH 

-■ 




PG1T 

P60T 

DB6EN 

DB4EN 

R/W 




R/W 






0 

0 

0 

Fix at “0” 



_ 

PG1 shift 
trigger 

0: Timer 0,1 

1: Timer 5 

PGO shift 
trigger 

0: Timer 0,1 

1: Timer 4 




HI 

- 

W 

Undefined 

TREG6H 

16bit Timer 
Register 6H 

41H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG7L 

16bit Timer 
Register 7L 

42H 

(Prohibit 

RMW) 

- 

w 

Undefined 

TREG7H 

16bit Timer 
Register 7H 

43H 

(Prohibit 

RMW) 

- 

W 

Undefined 

CAP3L 

Capture 
Register 3L 

44H 

- 

R 

Undefined 

CAP3H 

Capture 
Register 3H 

45H 

- 

R 

Undefined 

CAP4L 

Capture 
Register 4L 

46H 

- 

R 

Undefined 

Bj 

Capture 
Register 4H 

47H 

- 

R 

Undefined 

T5M0D 

16bit Timers 
Source 
CLKand 
MODE 

48H 



CAP3IN 

CAP34M1 

CAP34M0 

CLE 

T5CLK1 

T5CLK0 

R/W 

W 

0 

0 

0 

_^_[ 

_^_1 

0 

_^_1 

_^_1 



0: Soft- 
Capture 

1: Don’t care 

Capture Timing 

00: Disabie 

01:T16 t T17 t 

10 : Tie T Tie i 

11:TFF1 T TFF1 i 

1:UC5 

Clear 

Enable 

Source Clock 

00: Invert TFF6 
01:SetTFF6 

10: Clear TFF6 

11: Don’t care 
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Timer Control (4/4) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

T5FFCR 

16bitTimer5 

Flip-flop 

Control 

49H 



CAP4T6 

CAP3T6 

EQ7T6 

EQ6T6 

TFF6C1 

TFF6C0 

R/W 

W 



0 

0 

0 

0 

0 

0 



TFF6 Invert Trigger 

0: Trigger Disable 

1: Trigger Enable 

00: Invert TFF6 

01 :SetTFF6 

10: Clear TFF6 

11: Don’t care 


(4) Pattern Generator 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

PGOREG 

PGO Register 

4CH 

(Prohibit 

RMW) 



PG01 


SA03 




W 

R/W 

0 

0 

mQnn 


Undefined 

PG1REG 

PG1 Register 


PG13 


iiigm 


SA13 

SA12 

SA11 

SA10 

W 

R/W 

0 

0 

0 

0 

Undefined 

PG01CR 

PGO, 1 Control 

4EH 

(Prohibit 

RMW) 

PAT1 

CCW1 

PG1M 

PG1TE 

PATO 

CCWO PGOM PGOTE 

R/W 

0 

0 

0 

0 

0 

0 

0 

0 

0: 8bit write 

1: 4blt write 

0: Normal 
Rotation 

1: Reverse 
Rotation 

0: 4bit Step 

1: 8bit Step 

PG1 trigger 

input 

enable 

1: Enable 

0: 8bit write 

1: 4bit write 

0: Normal 
Rotation 

1: Reverse 
Rotation 

0:4bitstep 

1:8bitstep 

PGO trigger 

input 

enable 

1: Enable 


(5) Watch Dog Timer 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

WD- 

MOD 

Watch Dog 
Timer Mode 

5CH 

WDTE 

WDTP1 

WDTPO 

WARM 

HALTM1 

HALTMO 

RESCR 

DRVE 

R/W 

1 

0 

0 

0 

0 

0 

0 

0 

I.WDT 

Enable 

00:2'®/fc 

01:2'®/fc 

10:2^% 

11:2% 

Warming up 
Time 

0:2% 

1:2’®/fc 

Standby Mode 

00: RUN Mode 

01: STOP Mode 

10: IDLE Mode 

11: Don’t care 

1: Connect 
internally 
WDT out 
pin to 

Reset Pin 

1: Drive 
the pin 
in STOP 
Mode 

WDCR 

Watch Dog 
Timer 
Control 
Register 

SDH 

- 

W 

- 

B1H: WDT Disable Code 4EH: WDT Clear Code 
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(6) Serial Channel (1/2) 



Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

1 



RB7 

RB6 


RB5 

RB4 

RB3 

RB2 

RBI 



Serial 
Channel 0 
Buffer 

50H 

TB7 

TB6 


TBS 

TB4 

TBS 

TB2 

TB1 


R (Receiving)/W (Transmission) 



Undefined 




RB8 

EVEN 

PE 

OERR 

PERR 

FERR 

- 




R 

R/W 

R (Cleared to 0 by reading) 

R/W 


Serial 


0 

0 

0 


0 

0 

0 

0 

SCOCR 

Channel 0 

51H 


Parity 

0;0dd 

1: Even 


1: Error 


1: Input 

SCLKO pin 
(Note) 


Control 


Receiving 
data bit 8 

1: Parity 
Enable 

Overrun 

Parity 

Framing 

0; SCLKO 

(-T) 

TO 




TB8 

CTSE 

RXE 

WU 

SMI 

SMO 

SCI 

SCO 




mi I 

SCO- 

Serial 
Channel 0 
Mode 

52H 

0 

0 

0 

0 

0 

0 

0 

0 

MOD 






00: Unused 

00: TOO Trigger 



Transmission 

1 :CTS 


1; Receive 

1: Wake up 

01 :UART7bit 

01; Baud rate generator 




data bit 8 

Enable 


Enable 

Enable 

10:UART8bit 

10: Internal clock 01 









11:UART9bit 

11: Don’t care 




- 


BR0CK1 

BROCKO 

BR053 

BR052 

BR051 

BR050 




R/W 

R/W 

BROCR 

Baud Rate 

53H 

0 


0 

0 

0 

0 

0 

0 

Control 

Fix at “0" 



00 

01 

# (fc/4) 
0t2 (fc/16) 


Set frequency divisor 

0~F 







10 

11 

0t8 (fc/64) 
02 (fc/256) 


(“1” prohibited) 





RB7 

RB6 


RB5 

RB4 

RB3 

RB2 

RBI 

RBO 

SC1BUF 

Serial 
Channel 1 
Buffer 

54H 

TB7 

TB6 


TB5 

TB4 

TBS 

TB2 

TB1 

TBO 

R (Receiving)/W (Transmission) 



Undefined 




RB8 

EVEN 

PE 

OERR 

PERR 

FERR 

SCLKS 

IOC 




R 

R/W 

R (Cleared to 0 by reading) 

R/W 


Serial 
Channel 1 



0 

0 

0 

0 

0 

0 

0 

SC1CR 

55H 





1 ; Error 



Control 

Receiving 

Parity 

0:0dd 

1; Even 


1; Parity 




0: SCLKl 

(-T) 

TO 

1: Input 




data bit 8 


EnabFe 

Overrun 

Parity 

Framing 

SCLKl pin 




TB8 

- 



SMI 

SMO 

SCI 

SCO 




R/W I 

SC1- 

Serial 
Channel 1 
Mode 

56H 

0 

0 

0 

0 

0 

0 

0 

0 

MOD 






00: I/O Interface 

00: TOO Trigger 



Transmission 

Fix at "0” 


1: Receive 

1; Wake up 

01 :UART7bit 

01: Baud rate generator 




data bit 8 


Enable 

Enable 

10 :UART 8-bit 

10; Internal clock 01 









11 :UART9bit 

11: Don’t care 
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TLCS-900 16-bit Microcontroller 


Serial Channel (2/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

BR1CR 

Baud Rate 
Control 

57H 

- 


BR1CK1 

BR1CK0 

BR153 

BR152 

BR151 

BR150 

R/W 

R/W 

0 


0 

0 

0 

0 

0 1 0 1 

Fix at “0” 


00: 0tO {fc/4) 
01: 0t2 (fc/16) 
10: 0t8 (fc/64) 
11:^32(fc/256) 

Set frequency divisor 

0-F 

(“1” prohibited) 

ODE 

Special 

Open Drain 
Enable 

58H 

- 






0DE1 ODEO 







R/W 







0 

0 







1:P93 

Open-drain 

1:P90 

Open-drain 


(7) A/D Converter Control 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

AD- 

MOD 

A/D Converter 
Mode reg 

5EH 

EOCF 

ADBF 

REPET 

SCAN 

ADCS 

ADS 

ADCH1 

ADCHO 

R 

R/W 

0 

0 

0 

0 

0 

0 

0 


1 ;End 

1: 

Busy 

1: Repeat 
mode 

1: Scan 
mode 

1: Slow 
mode 

1: START 

Analog Input Channel Series 

*1) 

AD 

REGOL 

AD Result 

Reg 0 low 

60H 

ADR01 

ADROO 







R 

Undefined 

1 

1 

1 

1 

1 

1 

AD 

REGOH 

AD Result 

Reg 0 high 

61H 

ADR09 

ADR08 

ADR07 

ADR06 

ADR05 

ADR04 

ADR03 

ADR02 

R 

Undefined 

*1) 

AD 

REG1L 

AD Result 

Reg 1 low 

62H 

ADR11 

ADR10 






1 

R 

Undefined 

1 

1 

1 

1 

1 

1 

AD 

REG1H 

AD Result 

Reg 1 high 

63H 

ADR19 

ADR18 

ADR17 

ADR16 

ADR15 

ADR14 

ADR13 

ADR12 

R 

Undefined 

*1) 

AD 

REG2L 

AD Result 

Reg 2 low 

64H 

ADR21 

ADR20 







R 

Undefined 

1 

1 

1 

1 

1 

1 

AD 

REG2H 

AD Result 

Reg 2 high 

65H 

ADR29 

ADR28 

ADR27 

ADR26 

ADR25 

ADR24 

ADR23 

ADR22 

R 

Undefined 

*1) 

AD 

REG3L 

AD Result 

Reg 3 low 

66H 

ADR31 

ADR30 







R 

Undefined 

1 

1 

1 

1 

1 

1 

AD 

REG3H 

AD Result 

Reg 3 high 

67H 

ADR39 

ADR38 

ADR37 

ADR36 

ADR35 

ADR34 

ADR33 

ADR32 

R 

Undefined 


*1: Data to be stored in A/D Conversion Result Reg Low are the lower 2 bits of the conversion result. The contents of the lower 6 bits of this register are 

always read as “1 
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(8) Interrupt Control (1/2) 


Symbol 

Name 

Address 


r~r- 

1 _5_ 

4 

r~T~ 

ri- 

T~r~ 

J 


INTerrupt 


1 INTAD 

1 INTO 1 

INTE- 

70H 

lADC 

: IADM2 

: lADMl 

lADMO 

IOC 

I0M2 

I0M1 

lOMO 1 

OAD 


(Prohibit 

R/W 

W 

RA4/ 

W 1 



RMW) 

0 

0 

0 

0 

0 

0 

0 

5 


INTerrupt 

Enable 


INT5 

1 INT4 1 

INTE45 

71H 

ISC 

I5M2 

I5M1 

I5M0 

I4C 

I4M2 

I4M1 

i4M0 1 

(Prohibit 

RA/V 

W 

R/W 

W 1 



RMW) 

0 

0 

0 

0 

0 

0 

0 

0 1 


INTerrupt 

Enable 

6/7 


INT7 

INT6 1 

INTE67 

72H 

I7C 

I7M2 

I7M1 

I7M0 

I6C 

I6M2 

I6M1 

i6M0 1 

(Prohibit 

R/W 

W 

R/W 

W 1 


RMW) 

0 

0 

0 

0 

0 

0 

0 

0 1 


INTerrupt 
Enable 
Timer 1/0 


INTT1 (Timer 1) 

INTTO (Timer 0) 1 

INTET10 

73H 

ITIC 

IT1M2 

ITIMI 

IT1M0 

ITOC 

IT0M2 

; IT0M1 

ITOMO 1 

(Prohibit 

R/W 

W 

R/W 

W 1 


RMW) 

0 

0 

i 0 

0 

0 

0 

0 

0 1 


INTerrupt 


INTT3 (Timer 3/PWM1) 

INTT2 (Timer 2/PWMO) 1 

INTE- 

74H 

IPW1C 

IPW1M2 

i IPW1M1 

IPW1M0 

IPWOC 

IPW0M2 : IPWOMl 

IPWOMO 

PW10 

Enable 

D\A/ffV\ 1 /n 

(Prohibit 

R/W 


W 


R/W 


W 



rwrn 1/u 

RMW) 

0 

0 

0 

0 

0 

0 

0 

0 


INTerrupt 


INTTR5 (TREG5) 

INTTR4 (TREG4) 1 

IMTPTl^A 

75H 

IT5C 

IT5M2 

: IT5M1 

IT5M0 

IT4C 

IT4M2 

: IT4M1 

IT4M0 1 

IlM 1 C 1 

Enable 

Treg 5/4 

(Prohibit 

RAA/ 

W 

Rf\N 

W 1 


RMW) 

0 

0 

0 

0 

0 

0 

0 

0 1 


INTerrupt 


INTTR7 (TREG7) 

INTTR6(TREG6) 1 

INTET76 

76H 

IT7C 

IT7M2 

: IT7M1 

IT7M0 

IT6C 

IT6M2 

i IT6M1 

IT6M0 1 

Enable 

Treg 7/6 

(Prohibit 

mj 

W 

R/W 

W 1 


RMW) 

0 

0 

0 

0 

0 

0 

0 

1 


INTerrupt 

Enable 

Serial 0 


INTTXO 

INTRXO 1 

INTESO 

77H 

ITXOC 

ITX0M2 

1 ITX0M1 ! 

ITXOMO 

IRXOC 

IRX0M2 

; IRX0M1 : 

IRXOMO j 

(Prohibit 

R/W 

W 

RAM 

W 1 


RMW) 

0 

0 

0 i 

0 

0 

0 

0 

0 1 


INTerrupt 


INTTXl ! 

INTRX1 1 

INTESl 

78H 

ITX1C 

ITX1M2 

: ITX1M1 : 

ITX1M0 1 

IRX1C 

IRX1M2 

: IRX1M1 : 

IRX1M0 

Enable 

Serial 1 

(Prohibit 

R/W 

W ! 

R/W 


w 



RMW) 

0 

0 

0 

0 1 

0 

0 

0 

0 


lxxM2 

IxxMl 

IxxMO 

Function (Write) 

0 

0 

0 

Prohibit interrupt request. 

0 

0 

1 

Set interrupt request level to " 1". 

0 


0 

Set Interrupt request level to "2". 

0 

1 

1 

Set interrupt request level to "3". 

1 

0 

0 

Set interrupt request level to "4". 

1 

0 

1 

Set interrupt request level to "5". 

1 

1 

0 

Set interrupt request level to "6". 

1 

1 

1 

Prohibit interrupt request. 


IxxC 

Function (Read) 

Function (Write) 

0 

Indicate no interrupt request. 

Clear interrupt request flag. 

1 

Indicate interrupt request. 

.Don't care. 
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TLCS-900 16-bit Microcontroller 


Interrupt Control (2/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

DIVtAOV 

DMAO 

request 

Vector 

7CH 

(Prohibit 

BMW) 




pDMAO start vector 




DMA0V8 

DMA0V7 

DMA0V6 

DAM0V5 

DMA0V4 




W 




0 

0 

0 

0 

0 

DMAIV 

DMAt 

request 

Vector 

7DH 

(Prohibit 

BMW) 




pDMAI start vector 




DMA01V8 

DMA1V7 

DMA1V6 

DAM1V5 

DMA1V4 




w I 




0 

0 

0 

0 

0 

DMA2V 

dm2 

request 

Vector 

7EH 

(Prohibit 

BMW) 




nDMA2 start vector 




DMA2V8 

DMA2V7 

DMA2V6 

DAM2V5 

DMA2V4 




W 




0 I 0 I 0 

° I ° I 

DMA3V 

DMAS 

request 

Vector 

7FH 

(Prohibit 

BMW) 




pDMAS start vector 




DMA3V8 

DMA3V7 

DMA3V6 

DAM3V5 

DMA3V4 



I 

W 




0 

0 

0 

0 

0 

liMC 

Interrupt Input 
Mode Control 

7BH 

(Prohibit 

BMW) 



t 



tOtE 

(OLE 

NMfBEE 






W 

W 

W 






0 

0 

0 






1; INTO 
input 
enable 

0:(NTO 

edge 

mode 

1: INTO 
(evel 
mode 

1 : Operate 
even at 

NMI rise 
edge 
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(9) Chip Select/Wait Controller 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

BOGS 

Block 0 
CS/WAIT 
control 
register 

68H 

(Prohibit 

BMW) 

BOE 

BOSYS 

BOCAS 

BOBUS 

B0W1 

BOWO 

B0C1 

BOCO 

W 

W 

W 

W 

W 

W 

W 

W 

0 

0 ' 

0 

0 

0 

0 

0 

0 

1 :CS 

Enable 

1 :SYSTEM 
only 

0;^ 

1: CASO 

0; 16blt Bus 

1: 8bit Bus 

00: 2WAIT 

01; 1WAIT 

10;1WAIT + n 

11: OWAIT 

00:7F00H~7FFFH 

01; 400000H ~ 
10:800000H~ 

11 :C00000H~ 

B1CS 

Block 1 
CS/WAIT 
control 
register 

69H 

(Prohibit 

BMW) 

B1E 

B1SYS 

B1CAS 

BIBUS 

B1W1 

B1W0 

B1C1 

B1C0 

W 

W 

W 

W 

W 

W 

W 

W 

0 

0 

0 

0 

0 

0 

0 

0 

1 :CS 

Enable 

1 ; SYSTEM 
only 

0;^ 

1 : CAS1 

0;16bit Bus 

1; 8bit Bus 

00; 2WAIT 

01 : 1WAIT 

10;1WAIT + n 

11 : OWAIT 

00:480H~7FFFH 

01 :400000H~ 

10 : 800000H- 

11 :C00000H- 

B2CS 

Block 2 
CS/WAIT 
control 
register 

6AH 

(Prohibit 

BMW) 

B2E 

B2SYS 

B2CAS 

B2BUS 

B2W1 

B2W0 

B2C1 

B2C0 

W 

W 

W 

W 

W 

W 

W 

W 

0 

0 

0 

0 

0 

0 

0 

0 

1 :CS 

Enable 

1 : SYSTEM 
only 

0;^ 

1; CAS2 

0; 16bit Bus 

1: 8bit Bus 

00: 2WAIT 

01 : 1WAIT 

10:1WAIT + n 

11: OWAIT 

00:8000H ~ 

01:400000H~ 
10:800000H~ 

11 : COOOOOH ~ 


Note 1; After reset, only “Block 2” is set to enable. 

After reset, the program starts in 16-bit data bus. 2-wait state. 

Note 2; These registers can be accessed 

Note 3: TMP96C141A for internal RAM less is 80H ~ 7FFFH. 
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6. Port Section Equivalent Circuit Diagram 

• Reading The Circuit Diagrann 

Basically, the gate singles written are the same as 
those used for the standard CMOS logic 1C [74HCXX] 
series. 

The dedicated signal is described below. 


STOP: This signal becomes active “1” when the hold mode 
setting register is set to the STOP mode and the CPU 
executes the HALT instruction. When the drive enable 
bit [DRIVE] is set to “1”, however, STP remains at “0”. 

• The input protection resistor ranges from several tens of 
ohms to several hundreds of ohms. 


• PO (ADO ~ AD7), P1 (ADS ~ 15, AS - 15), P2 (A2 - 23, AO ~7) 


vcc 



• P30 (RD), P31 (WR) 


Output Data 


STOP -l>o-l 


O—il 



-D OUT 




• P32 ~ 37, P40 ~ 41, P6, P7, PSO ~ S6, P91 ~ 92, P94 ~ 95 
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TLCS-900 16-blt Microcontroller 


• P42 (CS2, CAS2) 


vcc 



• P5 (ANO ~ 3) 



• P87 (INTO) 



• P90 (TKDO), P93 (TXD1) 
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TLCS-900 16-bit Microcontroller 


• NMI 


• WDTOUT 


• CLK 


• EA, AM8/16 


• ALE 


• RESET 


NMI 


-o<^-VW-n Input 

Schmitt 


WDTOUT -Oo-1> 


D OUT 


vcc vcc 





■Q Input 


internal ALE-[>o- 


vcc 



P-ch 


N-ch 


a OUT 
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• X1,X2 


dock 
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7. Care Points and Restriction 

(1) special Expression 

© Explanation of a built-in I/O register: Register 

Symbol <Bit Symbol> 

ex) TRUN <TRUN> • Bit TORUN of Register TRUN 

(D Read, Modify and Write Instruction 

An instruction which CPU executes following by one 
instruction. 

1. CPU reads data of the memory. 

2. CPU modifies the data. 

3. CPU writes the data to the same memory. 

ex1) SET 3, (TRUN) - set bit3 of TRUN 
ex2) INC1, (1OOH) increment the data of 10OH 

• The representative Read, Modify and Write 
Instruction in the TLCS-900 


SET 

imm, mem. 

RES 

imm, mem 

CHG 

imm, mem, 

TSET 

imm, mem 

INC 

imm, mem. 

DEC 

imm, mem 

RLD 

A, mem. 

ADD 

imm, reg 


(D 1 state 

One cycle clock divided by 2 oscillation frequency is 
called 1 state 

ex) The case of oscillation frequency is 20MHz. 

(2) Care Points 
© EA, pin 

Fix these pins VCC or GND unless changing voltage. 
( 2 ) Warming-up Counter 

The warming-up counter operates when the STOP 


mode, is released even the system which is used an 
external oscillator. As a result, it takes warming up time 
from inputting the releasing request to outputting the 
system clock. 

(D High Speed ^iDMA (DRAM) refresh mode) 


When the bus is released (BUSAK = “0”) for waiting to 
accept the interrupt, DRAM refresh is not performed 
because of the high speed iiDMA is generated by an 
interrupt. 

© Programmable Pull Up/Down Resistance 

The programmable pull up/down resistors can be 
selected ON/OFF by program when they are used as 
the input ports. The case of they are used as the out¬ 
put ports, they cannot be selected ON/OFF by pro¬ 
gram. 

© Bus Releasing Function 

Refer to the “Note about the Bus Release” in 3.5 Func¬ 
tions of Ports because the pin state when the bus is 
released is written. 

® Watch Dog Timer 

When the bus is released, both internal memory and 
internal I/O cannot be accessed. But internal I/O 
cantinues to operate. So, the watch dog timer contin¬ 
ues to run. Therefore, be carefull about the bus releas¬ 
ing time and set the detection timer of watch dog 
timer. 

® Watch Dog Timer 

The watch dog timer starts operation immediately after 
the reset is released. When the watch dog timer is not 
used, set watch dog timer to disable. 

® CPU (High Speedp-DMA) 

Only the “LDC cr, r”, “LDC r, cr” instruction can be 
used to access the control register like transfer source 
address register (DMASn) in the CPU. 
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1. Outline and Device Characteristics 

The TMP96C041AF are high-speed advanced 16-bit micro¬ 
controllers developed for controlling medium to large-scale 
equipment. The TMP96C041 AF has the improved bus release 
function, serial interface and RAMIess for TMP96C141AR 0th- 
enA/ise, the devices function in the same way. 

The TMP96C041 AF is housed in an 80-pin flat package 
and is pin compatible with TMP96C141F except the P92 
(CTSO/SCLKO). Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 

• General-purpose registers and register bank system 

• 16-bit multipiication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 

- 4 channels (1.6|is/2 bytes @ 20MHz) 

(2) Minimum instruction execution time 

- 200ns @ 20MHz 

(3) Internal RAM: None 
Internal ROM: None 


(4) External memory expansion 

• Can be expanded up to 16M bytes (for both programs and 
data). 

• Can mix 8- and 16-bit external data buses. 


(5) 8-bit timers: 2 channels 

(6) 8-bit PWM timers: 2 channels 

(7) 16-bit timers: 2 channels 

(8) Pattern generators: 4 bits, 2 channels 

(9) Serial interface: 2 channels 

(10) 10-bit A/D converter: 4 channels 

(11) Watchdog timer 

(12) Chip select/wait controller: 3 blocks 

(13) Interrupt functions 


• 3 CPU interrupts.SWI instruction, privileged violation, 

and Illegal instruction 

• 14 internal interrupts— 17 u 

^ .. ^ 7-level priority can be set. 

• 6 external interrupts —* 

(14) I/O ports 
- 47pins 

(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 
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(ANO) P50 - 
(AN1)P51 - 
(AN2) P52 - 
(AN3) P53 - 
VREF- 
AGND- 


(TXDO) P90 
( RXDO ) P91 
(SCLKO/CTSO) P92 

{TXD1)P93 
(RXD1)P94 
(SCLK1) P95 


(PG 00) P60 * 
(PG01)P61 ' 
(PG 02) P62 - 
(PG 03) P63 ' 
(PG 10) P64- 
(PG 11)P65 - 
(PG 12)P66 ' 
(PG 13)P67 - 


(TIO) P70- 
(T01)P7N 

(T02) P72- 

(T03) P73- 


(INT4/TI4) P80 
(1NT5/TI5) P81 
(T04) P82 
(T05) P83 

(INT6/TI6) P84 
(INT7/TI7) P85 
(T06) P86 

(INT0)P87- 


10-BIT 4CH 
A/D 

CONVERTER 


SERIAL I/O 
(CH.O) 


SERIAL I/O 
(CH.1) 


PATTERN 

GENERATOR 

(CH.O) 


PATTERN 

GENERATOR 

(CH.1) 


8BIT TIMER 
(TIMER 0) 


8BIT TIMER 
(TIMER 1) 


8BITPWM 
(TIMER 2) 


8BIT PWM 
(TIMER 3) 


16BIT TIMER 
(TIMER 4) 


16BIT TIMER 
(TIMERS) 


XWAl 

XBC 

XDE 

XHL 

XIX 

XIY 

XIZ 

XSP 



w 

T\ 


_a_ 

c 


D 

E 


H 



IX 


lY 


12 


SP 


- 32 bit —» 

srPTfI 
P c \ 


WATCH-DOG 

TIMER 


CS/WAIT 

CONTROLLERj- 

(3-BLOCK) 


- VCC[2] 

- VSS [3] 


-P00-P07 

(ADO-'AD?) 


-P10-P17 

(AD8~AD15/A8~A15) 


-P20~P27 

(A0~A7/A16~A23) 


>P30(RD) 

*P31(WR)^ 

»P32( HWR) 

-P33( WAIT) 

>P34(B USR0 ) 

»P35(Bl^AK) 

»P36(RAA/) 

'P37(RAS) 


>P40(CS0/ CA$0 ) 
► P41(CS 1/CAS 1) 
►P42(CS2/CAS2) 


Figure 1. TMP96C041AF Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96C041AF, their Figure 2.1 shows pin assignment of TMP96C041AR 
name and outline functions are described below. 


(AN0)P50 

(AN1)P51 

(AN2)P52 

(AN3)P53 

VCC 

VREF 

AGND 

VSS 

(PG00)P60 

(PG01)P61 

(PG02)P62 

(PG03)P63 

(PG10)P64 

(PG11)P65 

(PG12)P66 

(PG13)P67 

{TI0)P70 

(T01)P71 

(T02)P72 

(T03)P73 

(INT4/TI4)P80 

(INT5/TI5)P81 

(T04)P82 

(T05)P83 

(INT6m6)P84 

(INT7/TI7)P85 

(T06)P86 

(INT0)P87 

NMI 


WDTOUT 


CLK 

VSS 

XI 

EA 

(TXD0)P90 

( RXD0 )P91 

(SCLK0/CTS0)P92 

(TXD1)P93 



P42 (CS2/CAS2 ) 

P41( CS1/CAS1) 

P40(CSO/CASO) 

P37(R^ 

P36(R/WjL_ 


P33(WAIT) 


P32(HWR) 

P31(WR) 

P30(^) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(A0/A16) 

VSS 

P17(AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P11(AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04(AD4) 


P03{AD3) 

P02(AD2) 

POI(ADl) 

POO{ADO) 

VCC 

ALE 

P95(SCLK1) 

P94(RXD1) 


Note : Because the TMP96C041AF has an ^rnal ROM, POO to PI7 pins are fixed to 
ADO to AD15; P30 to RD; and P31 to WR. 


Figure 2.1. Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 


Table 2.2. Pin Names and Functions 


Pin Name 

Number 
of Pins 

I/O 

Functions 

P00~P07 

8 

I/O 

Port 0: I/O port that allows I/O to be selected on a bit basis 

ADO-ADZ 

Tri-State 

Address / data (lower): 0 - 7 for address / data bus 



I/O 

Port 1: I/O port that allows I/O to be selected on a bit basis 

AD8~AD15 

8 

Tri-state 

Address data (upper): 8 - 15 for address / data bus 

A8~A15 


Output 

Address: 8 to 15 for address bus 


^■nm 

I/O 

Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 

A0~A7 


Output 

Address: 0 - 7 for address bus 

A16~A23 


Output 

Address: 16-23 for address bus 


1 

Output 

Port 30: Output port 


Output 

Read: Strobe signal for reading external memory 


1 

Output 

Port 31: Output port 


Output 

Write: Strobe signal for writing data on pins ADO -7 


1 

I/O 

Port 32: I/O port (with pull-up resistor) 


Output 

High write: Strobe signal for writing data on pins ADS -15 

P33 

mi 

I/O 

Port 33: I/O port (with pull-up resistor) 

WAIT 

Input 

Wait: Pin used to request CPU bus wait 



I/O 

Port 34: I/O port (with pull-up resistor) __ 


mU 

Input 

Bus request: Signal used to request high impedance for ADO -15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 
CS1, and CS2 pins. (For external DMAC) 



I/O 

Output 

Port 35: I/O (with pull-up resistor) ___ 


1 

Bus acknowledge: Signal indicating that ADO -15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1, and CS2 
pins are at high impedance after receiving BUSRQ. (For external DMAC) 



I/O 

Port 36: I/O port (with pull-up resistor) 


Output 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


IBHii 

I/O 

Port 37: I/O port (with pull-up resistor) 


mm 

Output 

Row address strobe: Outputs RAS strobe for DRAM. 



I/O 

Port 40: I/O port (with pull-up resistor) 

cso 

1 

Output 

Chip select 0: Outputs 0 when address is within specified address area. 

CASO 


Output 

Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 


Note: With the external DMA controll er, this d evic e’s built-i n memory or built-in I/O 
cannot be accessed using the BUSRQ and BUSAK pins. 
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Pin Name 

Number 
of Pins 

I/O 

Functions 

P41 


I/O 

Port 41: I/O port (with pull-up resistor) 

CS1 

1 

Output 

Chip select 1; Outputs 0 If address is within specified address area. 

CAS1 


Output 

Column address strobe 1: Outputs CAS strobe for DRAM if address is within specified address area. 

P42 


I/O 

Port 42; I/O port (with pull-up resistor) 

CS2 

1 

Output 

Chip select 2: Outputs 0 if address is within specified address area. 

CAS2 


Output 

Column address strobe 2: Outputs CAS strobe for DRAM If address is within specified address area. 



Input 

Port 5: Input port 



Input 

Analog input: Input to A/D converter 

IQHIIIIIIIIIII 

1 

Input 

Pin for reference voltage input to A/D converter 

AGND 

1 

Input 

Ground pin for A/D converter 

P60~P63 

A 

I/O 

Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 

PG00~PG03 


Output 

Pattern generator ports: 00-03 

P64~P67 

A 

I/O 

Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 

PG10~PG13 


Output 

Pattern generator ports: 10-13 

P70 

1 

I/O 

Port 70: I/O port (with pull-up resistor) 

T10 

Input 

Timer input 0: Timer 0 input 


1 


Port 71: I/O port (with pull-up resistor) 



Timer output 1: Timer 0 or 1 output 




Port 72; I/O port (with pull-up resistor) 




PWM output 2:8-bit PWM timer 2 output 


1 


Port 73: I/O port (with pull-up resistor) 



PWM output 3:8-bit PWM timer 3 output 

P80 


I/O 

Port 80: I/O port (with pull-up resistor) 

TI4 

1 

Input 

Timer Input 4: Timer 4 count/capture trigger signal input 

INT4 


Input 

Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 

P81 


I/O 

Port 81: I/O port (with pull-up resistor) 

TI5 

1 

Input 

Timer Input 5: Timer 4 count/capture trigger signal input 

INT5 


Input 

Interrupt request pin 5: Interrupt request pin with rising edge 

P82 

1 

I/O 

Port 82: I/O port (with pull-up resistor) 

T04 

Output 

Timer output 4: Timer 4 output pin 

P83 

1 

I/O 

Port 83: I/O port (with pull-up resistor) 

T05 

Output 

Timer output 5: Timer 4 output pin 


Note 1: Case of the settable CS2 and CAS2: when TMP96C041AF is bus release, this pin is not added the internal pull-down resistor but is added the internal 
pull-up resistor. 
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Pin Name 

Number 
of Pins 

i/0 

Functions 

P84 


I/O 

Port 84: I/O port (with pull-up resistor) 

TI6 

1 

Input 

Timer input 6: Timer 5 count/capture trigger signal input 

INT6 


Input 

Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge 

P85 


I/O 

Port 85: I/O port (with pull-up resistor) 

TI7 

1 

Input 

Timer input 7: Timer 5 count/capture trigger signal input 

INT7 


Input 

Interrupt request pin 7: Interrupt request pin with rising edge 

P86 

1 

I/O 

Port 86: I/O port (with pull-up resistor) 

T06 

Output 

Timer output 6: Timer 5 output pin 

P87 

1 

I/O 

Port 87: I/O port (with pull-up resistor) 

INTO 


Input 

Interrupt request pin 0: Interrupt request pin with programmable levei/rising edge 


1 

I/O 

Port 90: I/O port (with pull-up resistor) 


Output 

Serial send data 0 

1 P91 

1 


Port 91: I/O port (with pull-up resistor) 



Serial receive data 0 




Port 92: I/O port (with pull-up resistor) 




Serial data send enable 0 (Clear to Send) 


IHH 


Serial clock I/O 0 


BHI 


Port 93: I/O port (with pull-up resistor) 


IBH 


Serial send data 1 

! P94 

1 

I/O 

Port 94: I/O port (with pull-up resistor) 


Input 

Serial receive data 1 



■■■■ 

Port 95: I/O port (with pull-up resistor) 



Serial clock I/01 

WDTOUT 

1 

Output 

Watchdog timer output pin 

im 

1 

Input 

Non-maskable interrupt request pin: Interrupt request pin with falling edge. 

Can also be operated at rising edge by program. 

CLK 

1 

Output 

Clock output: Outputs p(1 4Jclock. Pulled-up during reset. 

EA 

1 

Input 

External access: 0 should be inputted with TMP96C041AF. 

ALE 

1 

Output 

Address latch enable 

reset 

1 

Input 

Reset: Initializes LSI. (With pull-up resistor) 

X1/X2 

2 

I/O 

Oscillator connecting pin 

VCC 

2 


Power supply pin (+5V) 

VSS 

3 


GND pin (OV) 


Note: Pull-up/puli-down resistor can be released from the pin by software (except the RESET pin). 


MCU900-184 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 





















TLCS-900 16-bit Microcontroller 


TMP96C041AF 


3. Operation 

This section describes in blocks the functions and basic oper¬ 
ations of the TMP96C041AF device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 

3.1 CPU 

The TMP96C041 AF device has a built-in high-performance 
16-bit CPU. (For CPU operation, see TLCS-900 CPU in the 
book Core Architecture User Manual.) 


3.2 Memory Map 

The TMP96C041 AF has tNO register modes. One is minimum 
mode; in this mode, the area of program memory is 64K bytes 
maximum. The other is maximum mode; in this mode, the area 
of the program memory is 16M bytes maximum. 

Both minimum and maximum modes are the data mem¬ 
ory area 16M bytes maximum. 

That is, the program memory can locate OF! ~ FFFFFFFi 
in maximum mode. 

(1) Internal /O Devices 

The TMP96C041 AF uses the address space of 128 
bytes for the internal I/O devices area. This area is 
located to OH ~ 7FH. 

The CPU can access the internal I/O devices area with 
using short instruction code of direct addressing 
mode. 

Check the access area of each addressing mode and 
the memory map in Fig. 3.2 (1). 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96C041AF. 


OOOOOOH 

000080H 

000100H 


008000H 

008200H 


OlOOOOH 


FFFFFFH 



( I \ - Internal area) 


Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to 10OH. 

Figure 3.2. Memory Map 
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(2) CS1 Area (Chip SelectAA/ait Controller) 

The TMP96C041AF is expanded the part of the 


address area fo r CS1 (only B1C1.0 = “(DO”). Show the 
address area of CS1 in Fig. 3.2 (2). 


TMP96C141AF 



TMP96C041AF-16 



Fig. 3.2 (2). CS1 Address Area 

3.3 Bus Release Function Sho w the table 3.3 of pin condition at bus release 

The TMP96C041 AF has the internal pull-up and pull down (BUSAK = 0). 

resistors to fix the bus control signals at bus release. 


Table 3.3 Pin Condition at Bus Release (BUSAK = “L”) 


Pin Name 

Pin state at bus release 

Port Mode 

Function Mode 

P00-P07 
(ADO-ADZ) 

P10-P17 

(AD8-15/AD8-15) 

The status is no-change (these pins are not “Hz”) 

These pins are “Hz". 


t 

These pins are "Hz". 

("Hz" stays after these pins driven high level) 

P32 (HWR) 

P37 (RAS) 

t 

The output buffer is “OFF’ after these pins driven high. 

These pins are added the internal resistor of pull-up. It’s no 
relation for the value of output latch. 

P36 (R/W) 

P40(CS0/CAS0) 

P41 (CS1/CAS1) 

r 

T 

P20-P27 

(A16-A23) 

P42 (CS2/CAS2) 

t 

(*)t 

P20-P27 

(A16-A23) 

T 

The output buffer is “OFF" after these pins driven low. 

These pins are added the internal resistor of pull-up. It’s no 
relation for the value of output latch. 


That is, when it is used for bus release (BUSAK = 0), the 
pins of below need pull-up or pull-down resistor for an external 
circuit. 

POO - P07 (ADO ADZ) 

P10-P17(AD8 AD15) 


P30 (RD) 

P31 (WR) 

(*) P42 has the resistor of programmable pull-down, but 
when the bus are released, P42 pin is added a resistor of pull- 
up. 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-187 








TMP96C041AF 


TLCS-900 16-blt Microcontroller 


For the bus release function; show a sample of external to run. So, the watchdog timer also continues to run. There- 
bus interface in the Figure 3.3 (1). fore, be careful about bus releasing time and set the detection 

When the bus is released, both internal memory and time of WDT 

internal I/O cannot be accessed. But the internal I/O continues 


Vcc 



Address/Data bus (ADO-IS) 


Higher address bus (A16*23) 


System control bus 


Figure 3.3 (1). Example of the Interface Circuit (Bus Releasing Function) 


3.4 Serial Function pin) function of the channel 0 and can use I/O interface mode. 

The TMP96C041AF has two Serial I/O devices. But cha nnel 0 Show the part of TMP96C41AF in detail, 

and channel 1 are same function except the handshake (CTSO 
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4. Electrical Characteristics 
4.1 Absolute Maximum (TMP96C041AF) 


Symbol 

Parameter 

Rating 

Unit 

Vcc 

Power Supply Voltage 

-0.5 ~ 6.5 

V 

VIN 

Input Voltage 

-0.5 ~ Vcc+ 0.5 

V 

SIOL 

Output Current (total) 

100 

mA 

ZlOH 

Output Current (total) 

-100 

mA 

PD 

Power Dissipation (Ta = 70°C) 


mW 

TSOLDER 

Soldering Temperature (10s) 

260 


TSTG 

Storage Temperature 

-65-150 

°C 

TOPR 

Operating Temperature 

-20-70 

"C 
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4.2 DC Characteristics (TMP96C041AF) 

Vcc = 6V ± 10%, TA = -40 ~ 85jC (4 - 16MHz) TA = -20 ~ 70°C (4 - 20MHz) 
(Typical values are for Ta = 25'’C and V^c = 5V) 


Symbol 

Parameter 

Min 

Max 

Unit 

Test Condition 

VIL 

Input Low Voltage (ADO-15) 

-0.3 


V 



VIL1 

P2. P3. P4. P5. P6. P7. P8, P9 

-0.3 

0.3V„ 

V 



VIL2 

RESET. NMI, INT0(P87) 

-0.3 


V 



VIL3 

EA 

-0.3 

0.3 

V 



VIL4 

XI 

-0.3 

0.2VCC 

V 



VIH 

Input High Voltage (ADO-15) 

2.2 

Vcc+ 0.3 

M 



VIH1 

P2, P3, P4. P5, P6. P7. P8. P9 

O.TVcc 

Vcc+ 0.3 

o 



VIH2 

RESET. NMI. INTO(P87) 

0.75Vcc 

Vcc+ 0.3 

V 



VIH3 

EA 

CO 

CD 

> 

Vcc+ 0.3 

V 



VIH4 

XI 

O.SVcc 

Vcc+ 0.3 

V 



VOL 

Output Low Voltage 


0.45 

V 

I0L = 1.6mA 

VOH 

Output High Voltage 

2.4 


V 

IOH = -40()mA 


V0H1 


0 . 75 \ 


V 

IOH = -100mA 


V0H2 


0.9Vcc 


V 

I0H= -20mA 


IDAR 

Darlington Drive Current 
(8 Output Pins max.) 

-1.0 

-3.5 

mA 

V EXT-1.5V 

REXT=1.1KD 

ILI 

Input Leakage Current 

TBOayp) 

d5 

pA 

0.02Vi„<Vco 


ILO 

Output Leakage Current 

TBD(Typ) 

±10 

pA 

0.2<Vin<V«,-0.2 


1 cc 

Operating Current (RUN) 

IDLE 

STOP(Ta = -20~70°C) 

STOP(Ta = 0~50°C) 

TBDfTyp) 

TBD(Typ) 

TBOgyp) 

TBD 

10 

50 

10 

mA 

mA 

mA 

mA 

tosc = 20MHz 

0.2<Vin<Vcc-0.2 

0.2<Vin<Vcc-0.2 

VSTOP 

Power Down Voltage 
(©STOP, RAM Backup) 

2.0 

6.0 

V 

VIL2 = 0.2Vcc. 

VIH2 = 0.8Vcc 

RRST. 

RESET Pull Up Register 

50 

. 



dO 

Pin Capacitance 


10 


tosc = 1 MHz 

VTH 

Schmitt Width 

0.4 

TBDlTyp) 

\/ 



RESET. NMI. INTO (P87) 




RK 

Pull Down/Up Register 



KQ 



Note: l-DAR is guaranteed for a total of up to 8 ports. 


MCU900-190 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

































TLCS-900 16-bit Microcontroller 


TMP96C041AF 




tosc 

Osc. Period (= x) 

50 

kiK 

CLK width 

2X-40 


A0-23Valid->CLKHold 


CLKValid->A0-23 Hold 


ALEfalUA0-15Hold 


ALE High width 


i Ilc 

ALE fall^RD/WR fall 

0.5X-30 



RD/WR rise^ALE rise 



A0-15Valid^D0-15 input 


A0-23Valid->D0-15 input 
RDfall-^DO-15 input 


RD rise^D0-15Hold 

0 

RD rise->AO -15 output 

x-15 


AO - 23 Valid^WAIT input (1WAIT + n mode) 


AO -15 Valid->WAIT input (1WAIT + n mode) 


f 1 

lr 

D/WR falUWAIT Hold (1WAIT + n mode) 

J 

2. 




AO-23Valid^PORT Hold 


WRrise->PORT Valid 


A0-23Valid^RASfall 

A0-15Valid^a^fall 


RASfall-^DO-15 input 



CAS fall->D0-15 input 1.5x-65 


CAS Low width 


I 39 I tps I DO-15 valid->CAS fall _ | 0.5x-15| _ | 16 | 

AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF_ _ 

(However CL = lOOpF for ADO ~ ADI 5, ADO ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

High 0.8VCC /Low 0.2Vcc (Except for ADO ~ ADI 5) 
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4.4 A/D Conversion Characteristics (TMP96C041AF) 

Vcc = 5V±10%, TA = -40 - 85°C (4 ~ 16MHz) TA = -20 - 70°C (4 ~ 20MHz) 


Symbol 

Parameter 

Min 

Typ 

Max 

Unit 

Vref 

Analog reference voltage 

Vcc-1.5 


Vcc 

V 

Aqnd 

Analog reference voltage 

Yss 


Vss 

Vain 

Analog input voltage range 

Vss 


Vcc 

•ref 

Analog current for analog reference voltage 


TBD 

1.5 

mA 

Error 

(Quantize error of 
±D.5 LSB not included) 

4<fc<16MHz 

High speed conversion mode 


TBD 

±4.0 

LSB 

Low speed conversion mode 


TBD 

±B.O 

16 <fc< 20MHz 

High speed conversion mode 


TBD 

±4.0 

Low speed conversion mode 


TBD 

±6.0 


4.5 Serial Channel Timing - I/O Interface Mode 

Vcc = 6V±10%, TA = -40 - SS'C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz) 

(1) SCLK Input Mode 


Symbol 

Parameter 

Variable 

16MHz 



Min 

Max 


Max 




SCLK cycle 

16x 


mm 


BB 




Output Data^Rising edge of SCLK 








tons 

SCLK rising edge->Output Data hold 

5X-100 


212 


150 


ns 

^HSR 

SCLK rising edge-^lnput Data hold 

0 


0 


0 


ns 

ISRD 

SCLK rising edge->effective data input 


tsCY"5x-100 


587 


450 

ns 


Vcc = 5V±10%, TA = -40 ~ SS^C (4 - 16MHz) TA = -20 - 70°C (4 - 20MHz) 

(2) SCLK Output Mode 



Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tsCY 

SCLK cycle (programmable) 

16x 

8192X 

1 

512 

0.8 


MS 


Output Data-^Rising edge of SCLK 

tscY-2x-150 


725 


550 


ns 

fens 

SCLK rising edge->Output Data hold 

2x-80 


45 


20 


ns 

^HSR 

SCLK rising edge-»lnput Data hold 

0 


0 


0 


ns 

tsRD 

SCLK rising edge^effective data input 


tscY-2x-150 


725 





4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 

Vcc = 6V±10%, TA = -40 - 85"C (4 ~ 16MHz) TA = -20 70°C (4 -- 20MHz) 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 


Max 

Min 



Max 

WCK 

Clock cycle 







ns 

VCKL 

Low level clock pulse width 

4X + 40 


290 


240 


ns 

VCKH 

High level clock pulse width 

4x + 40 


290 


240 


ns 
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4.7 Interrupt Operation 

Vcc = 5V±10%, TA = -40 ~ 85°C (4 -- 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz) 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tiNTAL 

NMI, INTO Low level pulse width 

4x 


250 


200 


ns 

tiNTAH 

H, INTO High level pulse width 

4x 


250 


200 


ns 

tiNTBL 

iNT4 ~ INT7 Low level pulse width 

8X + 100 


600 


500 


ns 

tiNTBH 

INT4 ~ INT7 High level pulse width 

8X + 100 


600 


500 


ns 
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4.8 Timing Chart for I/O Interface Mode 

CLK “L_rn_r-T_j--i 
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4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 


BUSRQ 


BUSAK 


ADO-ADIS 


RD, WR 


CS0-CS2. 
R/W. RAS, 
CAS0-CAS2 




Parameter 

Variable 


20MHz 


Min 




Min 

Max 

^BRC 

BUSRQ setup time for CLK 

120 


120 


120 


ns 

fcBAL 

CLK->lm falling edge 




245 


220 

ns 


CLK->BUSAK rising edge 


0.5X + 40 


71 


65 

ns 

Uba 

Output buffer is off to BUSAK |_ 

0 


0 

■■ 



ns 

^BAA 

BUSAK _J output buffer is on. 

0 


0 

HIIIQIIIII 

0 

&■ 

ns 


Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0” during “Wait” cycle. 

Note 2; The internal programmable pull-up/pull-down resistance is added. 

The internal programmable pull-up/pull-up resistance is added. 

But theCS2/CAS2 pin does not have the internal programmable pull-up resistor. And in the condition of release, this pin is added the internal pull-up 
resistor. 
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5. Differences Between TMP96C141AF and The devices TMP96C141AF and TMP96C041AF have much 
TMP96C041AF same function, but they are different from following points. 


Parameter 

TMP96C141AF 

TMP96C041AF 

Internal RAM 

1Kbyte 

Does not exist 

Pin condition at bus release 

TMP96C141AF 
see Figure 3.3 

TMP96C041AF 
see Figure 3.3 

Mapping area of CS1 default setting 

480H~7FFFH 

80H~7FFFH 

(B1C1/0:00) 
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CMOS 16-bit Microcontrollers 
TMP96CM40F 

1. Outline and Device Characteristics 

The TMP96CM40F are high-speed advanced 16-bit micro¬ 
controllers developed for controlling medium to large-scale 
equipment. The TMP96C141AF does not have a ROM, the 
TMP96CM40F has a built-in ROM of 32K-byte, and the 
TMP96CPM40F has a built-in OTP of 32K-byte. 
TMP96CM40F is housed in an 80-pin flat package. 

Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 

• General-purpose registers and register bank system 

• 16-bit multiplication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 

- 4 channels (1.6|is/2 bytes @ 20MHz) 

(2) Minimum instruction execution time 

- 200ns @20MHz 

(3) Internal RAM: 1 Kbyte 


Internal ROM: 32Kbyte 

(4) External memory expansion 

• Can be expanded up to 16M bytes (for both programs and 
data). 

• Can mix 8- and 16-bit external data buses. 


(5) 8-bit timers: 2 channels 

(6) 8-bit PWM timers: 2 channels 

(7) 16-bit timers: 2 channels 

(8) Pattern generators: 4 bits, 2 channels 

(9) Serial interface: 2 channels 

(10) 10-bit A/D converter: 4 channels 

(11) Watchdog timer 

(12) Chip select/wait controller: 3 blocks 

(13) Interrupt functions 

• 3 CPU interrupts.SWI instruction, privileged violation, 

and Illegal instruction 

• 14 internal interrupts 

• 6 external interrupts 

(14) I/O ports 
- 65 pins 

(15) Standby function 


^ 7-level priority can be set. 


3 halt modes (RUN, IDLE, STOP) 
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\/CC(21 

VSSI31 

XI 

X2 


CLK 


EA 

RESET 

ALE 


NMI 


WDTOUT 


P0O~P07 

{AD0~AD7) 


P10~P17 

(ADS-ADIS/AS-AIS) 


P20->P27 

(A0~'A7/A16~A23) 


P30(RD) 

P31( WR) 

P32( HWR) 

P33( WAIT ) 

P34( BUSRQ ) 

P35(BI^AK) 

P36(RAW) 

P37(RAS) 


p40( cso/c:aso ) 

P41(CS1/ CAS1 ) 

P42(CS2/CAS2) 


Figure 1. TMP96CM40F Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96CM40F, their Rgure 2.1 shows pin assignment of TMP96CM40R 
name and outline functions are described below. 


(AN0)P50 

(AN1)P51 

(AN2)P52 

(AN3)P53 

VCC 

VREF 

AGND 

VSS 

(PG00)P60 

(PG01)P61 

(PG02)P62 

(PG03)P63 

(PG10)P64 

(PG11)P65 

(PG12)P66 

{PG13)P67 

(TI0)P70 

(T01)P71 

(T02)P72 

(T03)P73 

(INT4/TI4)P80 

(INT5m5)P81 

(T04)P82 

(T05)P83 

(INT6m6)P84 

(INT7mi7)P85 

(T06)P86 

{INT0)P87 

NMl 


-72 

-71 

-70 

-69 

-68 

-67 

-66 

-65 


WDTOUT 

RESET 

CLK 


m 

2- C 

3- t: 

4- C 

5- C 

6- c; 

7- C 
S-C 
9-c: 

10- C 

11- C 

12- c; 

^3—c 

14- C 

15- C 

16- F 

17- € 

18- {: 

i9h: 

20- C 

21- {: 

22- C 

23- C 

24- d 


nrinnrnninnn rT Loa o n^ 


VSS 25 
XI 26 
^ 27 
EA 28 
(TXD0)P90 29 
( RXD0) P91 30 
(SCLKO/CTSO)P92 31 
(TXD1)P93 32 


Top View 
QFP80 


3—64 
3-63 
>-62 
>61 
>60 
>59 
>58 
>57 
>56 
>55 
>54 
>53 
>52 
>51 
>50 
>49 
>48 
>47 
3 —46 
>45 
>44 
>43 
>42 
>41 



P42( CS2/CAS2 ) 

P41 (CS1/CAS1) 

P40(CS0/CAS0) 

P37(R>^ 

P36( R/W) 

P35( BUSAK ) 

P34 (BUSRQ ) 

P33(WAIT) 


P32(HWR) 

P31(WR) 

P30(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(A0/A16) 

VSS 

P17(AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P11{AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04{AD4) 


P03(AD3) 

P02(AD2) 

POI(ADl) 

POO(ADO) 

VCC 

ALE 

P95{SCLK1) 

P94(RXD1) 


Note : Because the TMP96CM40 has an external ROM, POO to P17 pins are fixed to ADO to AD15: P30 to RD; and P31 to WU. 


Figure 2.1. Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions described below. 

The names of input/output pins and their functions are 


Table 2.2. Pin Names and Functions 


Pin Name 

Number 
of Pins 

I/O 

Functions 

P00~P07 

g 

I/O 

Port 0; I/O port that allows I/O to be selected on a bit basis 

ADO-ADZ 


Tri-State 

Address / data (lower); 0 - 7 for address/data bus 

P10~P17 


I/O 

Port 1 : I/O port that allows I/O to be selected on a bit basis 

AD8~AD15 

8 

Tri-state 

Address data (upper): 8 -15 for address/data bus 

A8~A15 


Output 

Address: 8 to 15 for address bus 

P20~P27 


I/O 

Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 

A0~A7 

8 

Output 

Address: 0 - 7 for address bus 

A16~A23 


Output 

Address; 16-23 for address bus 


i 

Output 

Port 30: Output port 



Output 

Read: Strobe signal for reading external memory 

P31 

-| 

Output 

Port 31: Output port 

WR 


Output 

Write: Strobe signal for writing data on pins ADO -7 

P32 

1 

w 

Port 32: I/O port (with pull-up resistor) 

HWR 

Output 

High write; Strobe signal for writing data on pins ADS -15 

P33 

1 

I/O 

Port 33: I/O port (with pull-up resistor) 

WAIT 

Input 

Wait: Pin used to request CPU bus wait 

P34 


I/O 

Port 34: I/O port (with pull-up resistor) __ 

BUSRQ 

1 

Input 

B^reque^ignal used to request high impedance for ADO -15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 
CS1, and CS2 pins. (For external DMAC) 

P35 


I/O 

Output 

Port 35: I/O (with pull-up resistor) ___ 

BUSAK 

1 

Bus acknowledge: Signal indicating that ADO -15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1, and CS2 
pins are at high impedance after receiving BUSRQ. (For external DMAC) 

P36 

1 

I/O 

Port 36: I/O port (with pull-up resistor) 

R/W 

I 

Output 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


1 

I/O 

Port 37: I/O port (with pull-up resistor) 


I 

Output 

Row address strobe: Outputs RAS strobe for DRAM. 



I/O 

Port 40: I/O port (with pull-up resistor) 


1 


Chip select 0: Outputs 0 when address is within specified address area. 




Column address strobe 0; Outputs CAS strobe for DRAM when address is within specified address area. 


Note: With the external DMA controll er, this d evic e’s built-i n memory or built-in I/O 
cannot be accessed using the BUSRQ and BUSAK pins. 
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Pin Name 

Number 
of Pins 

I/O 

Functions 

P41 


I/O 

Port 41: I/O port (with pull-up resistor) 

CS1 

1 

Output 

Chip select 1: Outputs 0 If address is within specified address area. 

CAS1 


Output 

Column address strobe 1 : Outputs CAS strobe for DRAM if address is within specified address area. 

P42 


I/O 

Port 42; I/O port (with pull-up resistor) 

CS2 

1 

Output 

Chip select 2: Outputs 0 if address is within specified address area. 

CAS2 


Output 

Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 

P50~P53 

4 

Input 

Port 5: Input port 

AN0~AN3 


Input 

Analog input: Input to A/D converter 

VREF 

1 

Input 

Pin for reference voltage input to A/D converter 

AGND 

1 

Input 

Ground pin for A/D converter 

P60~P63 

4 

I/O 

Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 

PG00~PG03 


Output 

Pattern generator ports: 00 - 03 

P64~P67 

4 

I/O 

Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 

PG10~PG13 


Output 

Pattern generator ports: 10-13 

P70 

1 

I/O 

Port 70: I/O port (with pull-up resistor) 

T10 

Input 

Timer input 0: Timer 0 input 

P71 

1 

I/O 

Port 71:1/0 port (with pull-up resistor) 

T01 

Output 

Timer output 1: Timer 0 or 1 output 

P72 

1 

I/O 

Port 72: I/O port (with pull-up resistor) 

T02 

Output 

PWM output 2:8-bit PWM timer 2 output 


1 

I/O 

Port 73: I/O port (with pull-up resistor) 


Output 

PWM output 3:8-bit PWM timer 3 output 

P80 


I/O 

Port 80: I/O port (with pull-up resistor) 

TI4 

1 

Input 

Timer input 4: Timer 4 count/capture trigger signal input 

INT4 


Input 

interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 

P81 


I/O 

Port 81: I/O port (with pull-up resistor) 

TI5 

1 

Input 

Timer input 5: Timer 4 counl/capture trigger signal input 

INT5 


Input 

Interrupt request pin 5; Interrupt request pin with rising edge 

P82 

1 

I/O 

Port 82: I/O port (with pull-up resistor) 

T04 

Output 

Timer output 4: Timer 4 output pin 

P83 

1 

I/O 

Port 83: I/O port (with pull-up resistor) 

T05 


Output 

Timer output 5: Timer 4 output pin 


Note 1: Case of the settable CS2 and CAS2: when TMP96CM40F is bus release, this pin is not added the internal pull-down resistor but is added the internal 
pull-up resistor. 
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Pin Name 

Number 
of Pins 

I/O 

Functions 

P84 

■■■IH 


Port 84: I/O port (with pull-up resistor) 

TI6 



Timer input 6: Timer 5 count/capture trigger signal input 




Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge 



I/O 

Port 85: I/O port (with pull-up resistor) 



Input 

Timer input 7: Timer 5 count/capture trigger signal input 



Input 

Interrupt request pin 7: Interrupt request pin with rising edge 

P86 

•| 


Port 86: I/O port (with pull-up resistor) 

T06 



Timer output 6: Timer 5 output pin 


n 


Port 87: I/O port (with pull-up resistor) 



Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 

P90 

1 

I/O 

Port 90: I/O port (with pull-up resistor) 

TXDO 


Output 

Serial send data 0 

P91 

1 

I/O 

Port 91: I/O port (with pull-up resistor) 

RXDO 

Input 

Serial receive data 0 

P92 


I/O 

Port 92: I/O port (with pull-up resistor) 

CTSO 

1 

Input 

Serial data send enable 0 (Clear to Send) 

SCLKO 


I/O 

Serial clock I/O 0 

P93 

1 

I/O 

Port 93: I/O port (with pull-up resistor) 

TXD1 


Output 

Serial send data 1 

P94 

1 

I/O 

Port 94: I/O port (with pull-up resistor) 

RXD1 


Input 

Serial receive data 1 

P95 

1 

I/O 

Port 95: I/O port (with pull-up resistor) 

SCLK1 

I/O 

Serial clock 1/01 

WDTOUT 

1 

Output 

Watchdog timer output pin 

m 

1 

Input 

Non-maskable interrupt request pin: Interrupt request pin with falling edge. 

Can also be operated at rising edge by program. 

CLK 

1 

Output 

Clock output: Outputs fXI -J-4J clock. Pulled-up during reset. 

EA 

1 

Input 

External access: 0 should be inputted with TMP96C041AF. 



1. with TMP96CM40F/TMP96PM40F. 

ALE 

1 

Output 

Address latch enable 

R^ 

1 

Input 

Reset: Initializes LSI. (With pull-up resistor) 

X1/X2 

2 

I/O 

Oscillator connecting pin 

VCC 

2 


Power supply pin (+ 5V) 

VSS 

3 


GND pin(OV) 


Note: Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin). 
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3. Operation 

This section describes in blocks the functions and basic oper¬ 
ations of the TMP96CM40F device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 

3.1 CPU 

The TMP96CM40F device has a built-in high-performance 16- 
bit CPU. (For CPU operation, see TLCS-900 CPU in the book 
Core Architecture User Manual.) 

3.2 Memory Map 

The TMP96CM40F has two register modes. One is minimum 
mode; in this mode, the area of program memory is 64K bytes 
maximum. The other is maximum mode; In this mode, the area 
of the program memory is 16M bytes maximum. 

Both minimum and maximum modes are the data mem¬ 
ory area 16M bytes maximum. 

That is, the program memory can locate OH ~ FFFFFFH 
in maximum mode. 


(1) Internal ROM 

The TMP96CM40 has the ROM of 32K bytes. This 
RAM is located to 80H ~ FFFFH. After the RESET 
operation, instruction execution starts from address 
8000H. A part of the internal ROM area (8000H ~ 

81FFH) is interrupt entry area. 

(2) Internal RAM 

The TMP96CM40 has the RAM of 1K bytes. This RAM 
is located to 80H ~ 47FH. The CPU can access the 
part of RAM (80H ~ FFH, 128 bytes) with using the 
short instruction code of direct addressing mode. 

(3) Internal /O Devices 

The TMP96CM40 uses the address space of 128 
bytes for the internal I/O devices area. This area is 
located to OH ~ 7FH. 

The CPU can access the internal I/O devices area with 
using short instruction code of direct addressing 
mode. 

Check the access area of each addressing mode and 
the memory map in Fig. 3.1. 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96CM40F. 


000000H 
000080H 

000100H 

000480H 


008000H 

008200H 


010000H 


FFFFFFH 


Internal I/O 
.{12fi.-bvtel... 

InternaiRAM 

(IK^byte) 


t 

Direct area (n) 

I 


Interrupt entry area 
(32entriesx 16bvte) 


Internal ROM 
OK-byte) 


64K-byte area 
(nn) 


External memory 
(16M-byte) 


16M-byte are 
(R) 

(-R) 

(R + ) 

(R + R8/16) 
(R+d8/l6) 
(nnn) 


( 1. = Internal area) 


Note: The start address after reset is 8000H. Resetting sets the stack pointer p<SP) on the system mode side to 10OH. 

Figure 3.2. Memory Map 
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4. Electrical Characteristics 

4.1 Absolute Maximum 


Symbol 

Parameter 

Rating 

Unit 

^cc 

Power Supply Voltage 

-0.5 ~ 6.5 

V 

VIN 

Input Voltage 

-0.5~Vcc + 0.5 

V 

2I0L 

Output Current (total) 

100 

mA 

XlOH 

Output Current (total) 

-100 

mA 

PD 

Power Dissipation (Ta = 85°C) 

500 

mW 

TSOLDER 

Soldering Temperature (10s) 

260 

°C 

TSTG 

Storage Temperature 

-65-150 

°C 

TOPR 

Operating Temperature 

-40-85 

°C 
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4.2 DC Characteristics 

Vcc = 5V ± 10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz) 
(Typical values are for Ta = 25°C and V^c = 5V) 


Symbol 

Parameter 

Min 

Max 

Unit 

Test Condition 

VIL 

Input Low Voltage (ADO-15) 

-0.3 

0.8 

V 


VIL1 

P2. P3. P4. P5, P6, P7. P8. P9 

-0.3 

0.3Vcc 

V 


ViL2 

RESET. NMI, INTO {P87) 

-0.3 

0.25Vcc 

V 


VIL3 

EA 

-0.3 

0.3 

V 


VIL4 

XI 

-0.3 

0.2Vco 

V 


VIH 

Input High Voltage (ADO-15) 

2.2 

Vcc+ 0.3 

V 


VIH1 

P2. P3. P4. P5, P6. P7. P8, P9 

0.7Vcc 

Vcc+ 0.3 

V 


VIH2 

RESET. NMI. INTO (P87) 

0.75Vcc 

Vcc+ 0.3 

V 


VIH3 

EA 

Vcc-0.3 

Vcc+ 0.3 

V 


VIH4 

XI 

0.8Vcc 

Vcc+ 0.3 

V 


VOL 

Output Low Voltage 


0.45 

V 

lOUI.emA 

VOH 

Output High Voltage 

2.4 


V 

rOH = -400MA 

V0H1 


0.75Vcc 


V 

IOH = -100mA 

V0H2 


_0.9V^ 


V 

I0H= -20mA 

IDAR 

Darlington Drive Current 
(8 Output Pins max.) 

-1.0 

-3.5 

mA 

V EXT-1.5 V 

REXT = 1.1Ka 

I LI 

Input Leakage Current 

0.02 (Typ) 

±5 

mA 

0.0^Vi„2Vcc 

ILO 

Output Leakage Current 

0.05 (Typ) 

±10 

liA 

0.25Vi„sVcc-0.2 


Operating Current (RUN) 

30 (Typ) 

50 

mA 

fc = 20 MHz 

I 

IDLE 

2,0 (Typ) 

10 

mA 


' cc 

STOP(Ta = -20~70°C) 

0.2 (Typ) 

50 

mA 

0.2<Vin<Vcc-0.2 


STOP(Ta = 0~50°C) 


10 

mA 

0.2<V,n<Vcc-0.2 

VSTOP 

Power Down Voltage 

2.0 

6.0 

v 

VIL2 = 0.2Vcc. 

(©STOP. RAM Back up) 


VIH2 = 0.8Vcc 

RRST 

CIO 

VTH 

RESET Pull Up Register 

Pin Capacitance 

Schmitt Width 

50 

0.4 

150 

10 

1.0 (Typ) 

KQ 

PF 

V 

tosc = 1 MHz 

RESET. NMI. INTO (P87) 



Pull Down/Up Register 

.... 50 . 





Note: l-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics 

Vcc = 5V±10%TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 - 70°C {4MHz ~ 20MHz) 


No. 

Symbol 

Parameter 

Variable 

16MHz 

20MHz 


Min 

Max 





1 

^osc 

Osc. Period (= x) 

50 



BHi 

50 


ns 

2 

^CLK 

CLK width 

2X-40 


85 


60 


ns 

■1 





11 


5 


ns 

4 

tKA 

CLKValid->A0-23 Hold 


IBIH 

24 


5 


ns 

■ 


AO-15 Valid->ALE fall 



16 


imoiii 


ns 

6 

tlA 

ALEfall->A0-15Hold 



16 


10 


ns 

7 

111 

ALE High width 

x-40 




10 


ns 

8 

^LC 

ALE falU^/WR fall 

0.5X-30 


1 


-5 


ns 

9 

^CL 

W/M rise-^ALE rise 

0.5X-20 


11 


5 



10 

UCL 

A0-15Valid->^/WRfall 

x-25 


38 


25 


■EH 

11 

kCH 

A0-23Valid->®/WRfall 



44 


25 




kk 

RD/WRrise-^AO-23 Hold 

0.5X-20 


11 


5 




koi 

A0-15Valid->D0-15 input 








m 

Udh 

A0-23Valid^D0-15input 


3.5X-65 






m 

^RD 

^fall->D0-15 input 


2.0X-50 


75 




m 

^RR 

RDLow width 

2.0X-40 


85 




hh 

m 

^HR 

RDrise^D0-15Hold 





lEH 


■iH 

H 


^rise->A0-15 output 

x-15 


48 





m 


WRLow width 

2.0X-40 


85 


ISHI 


■i^l 


tow 

D0-15Valid-^WRrise 



75 


50 



El 

twD 

WRrise->D0-15Hold 



21 


15 



22 

Ueh 

AO - 23 Valid-^WM input (1WA1T + n mode) 






HHII 

■■I. 

23 

UWL 

AO -15 Valid-^W input (1WAIT + n mode) 


3.0X-80 





■iH 

Ell 

^CW 

RD/WR fall^wM Hold (1 WAIT + n mode) 

2.0X + 0 


125 

mil 




m 

Uph 

AO-23Valid^PORT input 


2.5X-120 




36 

ns 

26 

UpH2 

AO-23Valid-^PORTHold 





175 


ns 

m 

k? 

WRrise^PORT Valid 




200 


200 

ns 



A0-23Valid^^fall 



23 


10 


ns 


USRL 

A0-15Valid->R^fall 



16 


10 


ns 



RAS fall->D0-15 input 


2.5X-70 




86 

ns 

31 

tRAH 

MfalUA0-15Hold 

0.5X-15 


16 


10 


ns 

32 

^RAS 

RAS Low width 

2.0X-40 


85 


60 


ns 

33 

kp 

Ms High width 

2.0X-40 


85 


60 


ns 

34 

kSH 

CAS fall-^MS rise 

I.Ox-35 


28 


15 


ns 

35 

ksc 

Ms rise-^CAS rise 

0.5X-25 


6 


0 


ns 

36 

^RCD 

MSfall-^MSfall 

I.Ox-40 


23 


10 


ns 

37 

kkC 

CAS fali-^DO-15 input 


1.5X-65 


29 


10 

ns 

38 

k^s 

CAS Low width 

1.5X-30 


64 


40 


ns 


AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF_ __ 

(However CL = 10OpF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO ~ CAS2) 

• Input Level: High 2.4V /Low 0.45V (ADO - AD15) 

High O.SVcc /Low 0.2Vcc (Except for ADO ~ AD15) 
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4.4 A/D Conversion Characteristics 

Vcc = 5V±10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz) 


Symbol 

Parameter 

Min 

Typ 

Max 

Unit 

Vref 

Analog reference voltage 

Vcc-1.5 


V<* 

V 

Agnd 

Analog reference voltage 

Vss 


Vss 

Vain 

Analog input voltage range 

Vss 


Vcc 

•ref 

Analog current for analog reference voltage 


0.5 

1.5 

mA 

Error 

(Quantize error of 
lD.5 LSB not included) 

4<fc<16MHz 

Low change mode 


±1.5 

±4.0 

LSB 

High change mode 


13.0 

16.0 

16 <fc< 20MHz 

Low change mode 


±1.5 

±4.0 

High change mode 


±4.0 

16.0 


4.5 Serial Channel Timing - I/O Interface Mode 

Vcc = 5V±10%, TA = -40 - 85°C (4 - 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz) 

(1) SCLK Input Mode 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tsCY 

SCLK cycle 

16x 


1 


0.8 


MS 

toss 

Output Data->rising edge of SCLK 

tscY/2 - 5x - 50 


137 


100 


ns 

tons 

SCLK rising edge-^output data hold 

5X-100 


212 


150 


ns 

thSR 

SCLK rising edge-^lnput data hold 

0 


0 


0 


ns 

tSRD 

SCLK rising edge->effective data input 


tsCY‘5x- 100 


587 

_ 

450 

ns 


Vcc = 5V±10%, TA = -40 ~ 85°C (4 - 16MHz) TA = -20 70°C (4 - 20MHz) 

(2) SCLK Output Mode 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tsCY 

SCLK cycle (programmable) 

16x 

8192X 

1 

512 

0.8 

409.6 

MS 

toss 

Output data->rising edge of SCLK 

tsCY”2x-150 


725 


550 


ns 

toHS 

SCLK rising edge-^output data hold 

2X-80 


45 


20 


ns 

tuSR 

SCLK rising edge-^input data hold 

0 


0 


0 


ns 

tsRD 

SCLK rising edge^effective data input 


tscY-2x-150 


725 


550 

ns 


4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 

Vcc = 5V±10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 - 70X (4 20MHz) 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tvCK 

Clock cycle 

8X + 100 


600 


500 


ns 

tvCKL 

Low level clock pulse width 

4x + 40 


290 


240 


ns 

tvCKH 

High level clock pulse width 

4x + 40 


290 


240 


ns 


MCU900-212 


TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 








TLCS-900 16-bit Microcontroller 


TMP96CM40F 


4.7 Interrupt Operation 

Vcc = 5V±10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz) 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

t|NTAL 

NMI, INTO Low level pulse width 

4x 


250 


200 


ns 

t|NTAH 

INTO High level pulse width 

4x 


250 


200 


ns 

t|NTBL 

INT4 ~ INT7 Low level pulse width 

8X + 100 


600 


500 


ns 

tiNTBH 

INT4 ~ INT7 High level pulse width 

8X + 100 


600 


500 


ns 


4.8 Timing Chart for I/O Interface Mode 


CLK 


n_r 


I_I—i_j 
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4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 


BUSRQ 


BUSAK 




AD0~AD15, A0~A23. 
CS0- C S2. R/W . RAS, 
CAS0-'CAS2 


RD. WR, HWR 


(Note 1) 


• tBRC 


3CIZODZZX3D<ZZ:CZ>ZZ3C 


tCBAL 




-tBRC 


J 


.. --f 


(Note 2) 


-tCBAH 


k tBAA 


N (Note 3) 


ALE 


A 



Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 



Max 

Min 

Max 

^BRC 

BUSRQ setup time for CLK 

120 


120 




ns 


CLK->bUS)^ falling edge 




214 


195 

ns 

^CBAH 

CLK->BUSAK rising edge 




71 



ns 

Uba 

Output buffer is off to BUSAK ]_ 

0 


0 

80 

0 


ns 

^BAA 

BUSAK _J output buffer is on. 

0 


mm 


0 

HBi 

ns 


Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0” during “Wait” cycle. 

Note 2: This line only shows the output buffer is off-state. 

They don’t indicate the signal level is fixed. 

After the bus is released, the signal level is kept dynamically before the bus is released by the external capacitance. 

Therefore, to fix the signal level by an external resistance under the bus is releasing, the design must be carefully because of the level fix will be delayed, 
The internal programmable pull-up/pull-up resistance is switched active/non-active by the internal signal. 
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4.10 Typical Characteristics 

Vcc = 5V±10%, Ta = 25°C unless otherwise noted. 




3 4 5 6 


Figure 5.3 Ice-VccTYPICAL CURVE 



3 4 5 Vqut (V) loH (mA) 


Figure 5.4 Vqut- loL TYPICAL CURVE Figure 5.5 Vqut - Iqh TYPICAL CURVE 
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5. Differences Between TMP96C141AF, 
TMP96CM40F, and TMP96PM40F 


The devices TMP96C141AF, TMP96CM40F and 
TMP96PM40F have much the same function but they are dif¬ 
ferent from following points. 


Parameter 

TMP96C141AF 

TMP96CM40F 

TMP96PM40F 

Internal ROM 

Does not exist 

Mask ROM 32Kbyte 

PROM 32K byte 

POO to P07. ADO to ADZ 

Only ADO to ADZ 

After reset POO ~ P07 

P10to P17, ADS to AD15,A8to A15 

OnlyAD8toAD15 

After reset P10 ~ P17 

P30,m 

Only RD 

After reset P30 

P31.WR 

OnlyWR 

After reset P31 
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CMOS 16-bit Microcontrollers 
TMP96PM40F 

1. Outline and Device Characteristics 

The TMP96PM40F are high-speed advanced 16-bit micro¬ 
controllers developed for controlling medium to large-scale 
equipment. The TMP96C141AF does not have a ROM, the 
TMP96CM40F has a built-in ROM of 32K-byte, and the 
TMP96PM40F has a built-in OTP of 32K-byte. 

It is possible to do write/verify of program data with using 


an adapter socket and general purpose EPROM writer 
(TC571000 mode). 

TMP96PM40F is pin compatible with TMP96CM40F 
(mask ROM type). 

TMP96CM40F is housed in an 80-pin flat package. 


Product Name 

ROM 

RAM 

Package 

Adapter Socket Name 

TMP96PM40F 

OTP type 

32Kx8bit 

1Kx8bit 

80-FP 

BM1139A 
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(ANO) P50 - 
(AN1)P51 - 
(AN2) P52 - 
{AN3) P53 - 
VREF- 
AGND- 


(TXDO) P90 ■ 
(RXD0)P91 * 
(SCLKO/CTSO) P92 ' 

(TX01)P93 - 
(RXD1)P94- 
(SCLKI) P95 - 


(PG 00) P60 
(PG01)P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 11)P65 
(PG 12) P66 
(PG 13) P67 


(T01)P71-. 

(T02) P72- 

(T03) P73" 


(INT4/TI4) P80- 
(INT5/TI5) P81- 
(T04) P82 - 
(T05) P83- 

(INT6/TI6) P84- 
(INT7/TI7) P85- 
(T06) P86- 

(INTO) P87- 


10-BIT4CH 

A/D 

CONVERTER 


SERIAL I/O 
(CH.O) 


SERIAL I/O 
(CH.1) 


PATTERN 

GENERATOR 

(CH.O) 


PATTERN 

GENERATOR 

(CH.l) 


8BIT TIMER 
(TIMER 0) 


8BIT TIMER 
(TIMER 1) 


8BIT PWM 
(TIMER 2) 


8BIT PWM 
(TIMER 3) 


16BIT TIMER 
(TIMER 4) 


16BIT TIMER 
(TIMER 5) 


XBC 

XDE 

XHL 

XIX 

XIY 

XIZ 

XSP 



w 

X] 



X. 


D 

E 


H 

L / 


IX 


. lY 


JZ 


SP 


■ 32 bit —» 

srPTfI 


i. -P, 


INTERRUPT 

CONTROLLER 


WATCH-DOG 

TIMER 



- VCC [2] 

- VSS (31 


'Xl 
■ X2 


' WDTOUT 


► P00-P07 
(ADO-ADT) 


.P10~P17 

(AD8-AD15/A8-A15) 


- P20~P27 
(A0~A7/A16~A23) 



‘P40(CS0/CAS0) 

>P41( CSl/CASf ) 

►P42(CS2/CAS2) 


Figure 1. TMP96PM40 Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96PM40F, their Figure 2.1 shows pin assignment of TMP96PM40R 
name and outline functions are described below. 


(AN0)P5O 

(AN1)P51 

(AN2)P52 

(AN3)P53 

VCC 

VREF 

AGND 

VSS 

(PG00)P60 

(PG01)P61 

(PG02)P62 

(PG03)P63 

(PG10)P64 

(PG11)P65 

(PG12)P66 

(PG13)P67 

(TI0)P70 

(T01)P71 

(T02)P72 

(T03)P73 

(INT4/TI4)P80 

(INT5m5)P81 

(T04)P82 

(T05)P83 

(INT6/TI6)P84 

(INT7m7)P85 

(T06)P86 

{INT0)P87 

NMI 

WDTOUT 

RESET 

CLK 

VSS 

XI 

EA 

(TXD0)P90 

( RXD0) P91 

{SCLK0/CTS0)P92 

(TXD1)P93 




-72 

-71 

-70 

-69 

-68 

-67 

-66 

-65 


1- C 

2- C 

3h: 

4- C 

5- c 

6- € 

7- C 

8- C 

9- € 

10- C 

11- C 

12- C 

13- f: 

14- c; 

15- C 

16- C 

17- t; 

is-C 

19- : 

20- C 

21- C 

22- C 

23- C 

24 - a 




Top View 
QFP80 




U—64 
11—63 
11—82 
D—81 
3-80 
3-59 
3-58 
>57 
>56 
>55 
>54 
>53 
>52 
>51 
>50 
3-49 
3—^8 
>47 
>46 
>45 
>44 
>43 
>42 
P-41 




P42( CS2/CAS2) 

P41( CS1/CAS1 ) 

P40(CS0/CA$0) 

P37(R/^ 

P36( Rm 

P35( BUSAK) 

P34( BUSRQ ) 

P33{WAIT) 

P32(HWR) 

P31(WR) 

P30(Rb) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(A0/A16) 

VSS 

P17{AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14{AD12/A12) 

P13(AD11/An) 

P12(AD10/A10) 

P11(AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04(AD4) 

P03(AD3) 

P02(AD2) 

POI(ADI) 

POO(ADO) 

VCC 

ALE 

P95{SCLK1) 

P94(RXD1) 


Note : Because the TMI>96PM40F has an external ROM. POO to P17 pins are fixed to ADO to AD15; P30 to RD; and P31 to WR. 


Figure 2.1. Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions The names of input/output pins and their functions are 

The TMP96PM40F has MCU mode and PROM mode. described below. 

(1) MCU Mode 


Table 2.2. (1) Pin Names and Functions 


Pin Name 

Number 
of Pins 

I/O 

Functions 

P00~P07 

8 

I/O 

Port 0: I/O port that allows I/O to be selected on a bit basis 

ADO-ADZ 

Tri-State 

Address / data (lower): 0 - 7 for address/data bus 

P10~P17 


I/O 

Port 1: I/O port that allows I/O to be selected on a bit basis 

AD8~AD15 

8 

Tri-state 

Address data (upper): 8 -15 for address/data bus 

A8-A15 


Output 

Address: 8 to 15 for address bus 

P20~P27 


I/O 

Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 

A0~A7 

8 

Output 

Address: 0 - 7 for address bus 

A16~A23 


Output 

Address: 16-23 for address bus 

P30 

■j 

Output 

Port 30: Output port 

RD 


Output 

Read: Strobe signal for reading external memory 

P31 

■1 

Output 

Port 31: Output port 

WR 


Output 

Write: Strobe signal for writing data on pins ADO -7 

P32 

■| 

I/O 

Port 32: I/O port (with pull-up resistor) 

HWR 


Output 

High write: Strobe signal for writing data on pins AD8 -15 

P33 

-| 

I/O 

Port 33: I/O port (with pull-up resistor) 

WAIT 


Input 

Wait: Pin used to request CPU bus wait 

P34 


I/O 

Port 34: I/O port (with pull-up resistor) ___ 

BUSRQ 

1 

Input 

Bus request: Signal used to request high impedance for ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 
CS1, and CS2 pins. (For external DMAC) 

P35 


I/O 

Output 

Port 35: I/O (with pull-up resistor) ____ 

BUSAK 

1 

Bus acknowledge: Signal indicating that ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1, and CS2 
pins are at high impedance after receiving BUSRQ. (For external DMAC) 

P36 

-| 

I/O 

Port 36: I/O port (with pull-up resistor) 

R/W 


Output 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 

P37 

1 

I/O 

Port 37: I/O port (with pull-up resistor) 

RAS 

1 

Output 

Row address strobe: Outputs RAS strobe for DRAM. 

P40 


I/O 

Port 40: I/O port (with pull-up resistor) 

CSO 

1 

Output 

Chip select 0: Outputs 0 when address is within specified address area. 

CASO 


Output 

Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 


Note: With the external DMA controll er, this d evic e’s built-i n memory or built-in I/O 
cannot be accessed using the BUSRQ and BUSAK pins. 
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Pin Name 

Number 
of Pins 

I/O 

Functions 

P41 


I/O 

Port 41: i/0 port (with pull-up resistor) 

CS1 

1 

Output 

Chip select 1: Outputs 0 if address is within specified address area. 

CAS1 


Output 

Column address strobe 1: Outputs CAS strobe for DRAM if address is within specified address area. 

P42 


I/O 

Port 42: I/O port (with pull-up resistor) 

CS2 

1 

Output 

Chip select 2: Outputs 0 if address is within specified address area. 

CAS2 


Output 

Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 

P50~P53 

4 

Input 

Port 5: input port 

AN0~AN3 


Input 

Analog input: Input to A/D converter 


1 

Input 

Pin for reference voltage input to A/D converter 

A6ND 

1 

Input 

Ground pin for A/D converter 

P60~P63 

A 

I/O 

Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 

PG00~PG03 


Output 

Pattern generator ports: 00 - 03 

P64~P67 

A 

I/O 

Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 

PG10~PG13 


Output 

Pattern generator ports: 10-13 

P70 

•j 

I/O 

Port 70: I/O port (with pull-up resistor) 

T10 


Input 

Timer input 0: Timer 0 input 

P71 

1 

I/O 

Port 71: I/O port (with pull-up resistor) 

T01 

I 

Output 

Timer output 1: Timer 0 or 1 output 

P72 

1 

I/O 

Port 72; I/O port (with pull-up resistor) 

T02 


Output 

PWM output 2; 8-bit PWM timer 2 output 

P73 

-| 

I/O 

Port 73: I/O port (with pull-up resistor) 

T03 


Output 

PWM output 3:8-bit PWM timer 3 output 

P80 


I/O 

Port 80; I/O port (with pull-up resistor) 

TI4 

1 

Input 

Timer input 4: Timer 4 count/capture trigger signal input 

INT4 


Input 

Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 

P81 


I/O 

Port 81: I/O port (with pull-up resistor) 

TI5 

1 

Input 

Timer input 5: Timer 4 count/capture trigger signal input 

INT5 


Input 

Interrupt request pin 5; Interrupt request pin with rising edge 

P82 

•| 

I/O 

Port 82: I/O port (with pull-up resistor) 

T04 


Output 

Timer output 4: Timer 4 output pin 

P83 

■\ 

I/O 

Port 83: I/O port (with pull-up resistor) 

T05 


Output 

Timer output 5: Timer 4 output pin 


Note 1: Case of the settable CS2 and CAS2; when TMP96PM40F is bus release, this pin is not added the internal pull-down resistor but is added the internal 
pull-up resistor. 
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Pin Name 

Number 
of Pins 

I/O 

Functions 

P84 


I/O 

Port 84; I/O port (with pull-up resistor) 

TI6 

1 

Input 

Timer input 6: Timer 5 count/capture trigger signal input 

INT6 


Input 

Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge 

P85 


I/O 

Port 85: I/O port (with pull-up resistor) 

TI7 

1 

Input 

Timer input 7: Timer 5 count/capture trigger signal input 

INT7 


Input 

Interrupt request pin 7: Interrupt request pin with rising edge 

P86 

1 

I/O 

Port 86: I/O port (with pull-up resistor) 

T06 


Output 

Timer output 6: Timer 5 output pin 

P87 

i 

I/O 

Port 87: I/O port (with pull-up resistor) 

INTO 

' 

Input 

Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 

P90 

1 

I/O 

Port 90; I/O port (with pull-up resistor) 

TXDO 

Output 

Serial send data 0 

P91 

1 

I/O 

Port 91; I/O port (with pull-up resistor) 

RXDO 


Input 

Serial receive data 0 

P92 


I/O 

Port 92: I/O port (with pull-up resistor) 

CTSO 

1 

Input 

Serial data send enable 0 (Clear to Send) 

SCLKO 


I/O 

Serial clock I/O 0 

P93 

■j 

I/O 

Port 93; I/O port (with pull-up resistor) 

TXD1 


Output 

Serial send data 1 

P94 

1 

I/O 

Port 94: I/O port (with pull-up resistor) 

RXD1 

I 

Input 

Serial receive data 1 

P95 

-I 

I/O 

Port 95: I/O port (with pull-up resistor) 

SCLK1 

I 

I/O 

Serial clock 1/01 

WDTOUT 

1 

Output 

Watchdog timer output pin 

m 

1 

Input 

Non-maskable interrupt request pin: Interrupt request pin with falling edge. 

Can also be operated at rising edge by program. 

CLK 

1 

Output 

Clock output: Outputs P(1 -s-4Jclock. Pulled-up during reset. 

Ik 

1 

Input 

External access: 0 should be inputted with TMP96C041AF. 

1, with TMP96CM40F/TMP96PM40F. 

ALE 

1 

Output 

Address latch enable 

reset 

1 

Input 

Reset: Initializes LSI. (With pull-up resistor) 

X1/X2 

2 

I/O 

Oscillator connecting pin 

VCC 

2 


Power supply pin (+ 5V) 

VSS 

3 


GND pin (OV) 


Note: Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin). 
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(1) PROM Mode 


Table 2.2. (2) Pin Name and Function of PROM Mode 


Pin Name 

Pin 

Number 

Input/ 

Output 

Function 

Pin Name (MCU Mode) 

A7~A0 

8 

Input 

Memory address of program 

P27~P20 

A15~A8 

8 

Input 

P17~P10 

A16 

1 

Input 

P33 

D7~D0 

8 

I/O 

Memory data of program 

P07~P00 

CE 

1 

Input 

Chip enable 

P32 

OE 

1 

Input 

Output control 

P30 

PGM 

1 

Input 

Program control 

P31 

VPP 

1 

Power Supply 

12.75V/5V (Power supply of program) 

EA 

VCC 

2 

Power Supply 

6.25V/5V 

VCC 

VSS 

3 

Power Supply 

OV 

VSS 



Input/ 

Output 

Disposal of Pin 

P34 

1 

Input 

Fix to low level (security pin) 


1 

Input 

Fix to low level (PROM mode) 

CLK 

1 

Input 

ALE 

1 

Output 

Open 

X1 

1 

Input 

Crystal 

X2 

1 

Output 

P95~P94. 

VREF 

3 

Input 

Fix to high level 

AGND 

1 

Input 

OV 

P37~P35 

P42~P40 

P53-P50 

P67~P60 

P73-P70 

P87~P80 

NMI, 

WDTOUT 

P93~P90 

36 

I/O 

Open 
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3. Operation 

This section describes in blocks the functions and basic opera¬ 
tions of TMP96PM40F device. TMP96PM40F is exchanged 
mask ROM of TMP96CM40F for PROM. The other specifica¬ 
tions and functions are the same as TMP96CM40F. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 


3.1 MCUMode 

(1) Mode-setting and Function 

The MCU mode is set by opening the CLK pin (Output 
status). 

In the MCU mode, the operation is same as that of 
TMP96CM40F. 

(2) Memory Map 

The memory map of TMP96PM40F is same as that of 
TMP96CM40F. Figure 3.1 shows the memory map of 
TMP96PM40F, and the accessing area by the respec¬ 
tive addressing mode. 


Memory Map 

Figure 3.1 is a memory map of the TMP96PM40F. 


OOOOOOH 

000080H 

000100H 

000480H 


008000H 

008200H 


010000H 


FFFFFFH 


Internal I/O 

aufeb.y,t.el. 


^ internal RAM 


(IK-byte) 


Interrupt entry area 
.■■(32entrjes..>cJ.,iby^e|,,, 


Internal ROM 
(3K‘byte) 


External memory 
(16M-byte) 


Direct area (n) 

_i_ 


64K-byte area 
(nn) 


16M-byte area 
(R) 

(-R) 

(R + ) 

{R+R8/16) 

(R+d8/16) 

(nnn) 


( I I = Internal area) 


Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to 10OH. 

Figure 3.1. Memory Map 
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3.2 PROM Mode 

(1) Mode Setting and Function 


PROM nnode is set by setting the RESET and CLK pins 
to the “L” level. The progranriming and verification for 
the internal PROM is achieved by using a general 


EPROM programmer with the adapter socket. The 
device selection (ROM type) use following conditions 
(Set ROM type to TC571000D) 

Size: 1 Mbit (128K x 8bit) VPP: 12.75V TPW: 0.1 ms 

Figure 3.2 shows the setting of pins in PROM mode. 



5!^ UsethelOMHz 
resonator in case of 
programming and 
verification by a general 
EPROM programmer. 


Figure 3.2. PROM Mode Pin Setting 


(2) Programming Flow Ohart 

The programming mode is set by applying 12.5V (pro¬ 
gramming voltage) to the VPP pin when the following 
pins are set as follows, 

(VCO: 6.25V, RESET: “L” level, CLK: “L” level.) After the 
address and data have been fixed, the data on the 
Data Bus is programmed when the CE pin Is set to “U 
level (0.1ms pulse is required). General programming 
procedure of an EPROM programmer is as follows. 


• Write a data to a specified address for 0.1 ms 

• Verify the data. If the readout data does not match the 
expected data, another writing is performed until the correct 
data is written (Max. 25 times). 

Then, verify the data and increment the address. The 
verification for all data is done under the condition of 
Vpp = Vqq = 5 all data were written. 

Figure 3.3 shows the programming flow chart. 
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High Speed Program Writing 

Flow Chart 



Figure 3.3. Flow Chart 


(3) Security Bit How to Program the Security Bit 

The TMP96PM 40 has a security bit in PROM cell. If PROM mode. 

the Security Bit is programmed to “0”, the content of 2) Set the security pin (Port34) to “1 

the PROM is disable to be read in PROM mode. 3) Set the programming address to “OOOOOOH”. 

4) Set programming data to “FEH”. 
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4. Electrical Characteristics 


4.1 Absolute Maximum 


Symbol 

Parameter 

Rating 

Unit 

Vcc 

Power Supply Voltage 

-0.5 ~ 6.5 

V 

VIN 

Input Voltage 

-0.5 ~ Vcc+ 0.5 

V 

ZIOL 

Output Current (total) 

100 

mA 

IIOH 

Output Current (total) 

-100 

mA 

PD 

Power Dissipation (Ta = 70°C) 

500 

mW 

TSOLDER 

Soldering Temperature (10s) 

260 

°C 

TST6 

Storage Temperature 

-65-150 

“C 

TOPR 

Operating Temperature 

-40-85 

°C 
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4.2 DC Characteristics 

Vcc = 5V ± 10%, TA = -40 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 - 20MHz) 
(Typical values are for Ta = 25°C and = 5V) 


Symbol 

Parameter 

Min 

Max 

Unit 

Test Condition 

VIL 

Input Low Voltage (ADO-15) 

-0.3 

0.8 

V 


VIL1 

P2. P3, P4, P5, P6. P7. P8, P9 

-0.3 

0.3Vcc 

V 


VIL2 

RESET. NMI. INTO (P87) 

-0.3 

0.25Vcc 

V 


VIL3 

EA 

-0.3 

0.3 

V 


VIL4 

XI 

-0.3 

0.2Vcc 

V 


VIH 

Input High Voltage (ADO-15) 

2.2 

Vcc+ 0.3 

V 


VIH1 

P2, P3, P4, P5, P6. P7, P8, P9 

0.7Vcc 

Vcc+ 0.3 

V 


VIH2 

RESET, NMI, INTO (P87) 

0.75Vcc 

Vcc+ 0.3 

V 


VIH3 

EA 

Vcc-0.3 

Vcc+ 0.3 

V 


VIH4 

XI 

O.SVoc 

Vcc+ 0.3 

V 


VOL 

Output Low Voltage 


0.45 

V 

IOL = 1.6mA 

VOH 

Output High Voltage 

2.4 


V 

rOH = -400MA 



0.75Vcc 


V 

IOH = -100mA 



0.9Vcc. 


V 

I0H= -20mA 

IDAR 

Darlington Drive Current 
(8 Output Pins max.) 

-1.0 

-3.5 

mA 

REXT = 1.1KQ 

ILI 

Input Leakage Current 

0.02 (Typ) 

15 

mA 

0.0$Vi„<Vcc 


Output Leakage Current 

0.05 (Typ) 

±10 

mA 

0.2£Vi„sVcc-0.2 

1 cc 

Operating Current (RUN) 

IDLE 

STOP(Ta = -20~70°C) 

STOP(Ta = 0~50°C) 

30 (Typ) 

2.0 (Typ) 

0.2 (Typ) 

60 

10 

50 

10 

mA 

mA 

mA 

pA 

fc = 20MHz 

0.2<Vin<Vcc-0.2 

0.2<Vin<Vcc-0.2 

VSTOP 

Power Down Voltage 
(©STOP, RAM Backup) 

2.0 

6.0 

V 

ViL2 = 0.2Vcc. 

VIH2 = 0.8Vcc 

RRST 

RESET Pull Up Register 

50 

150 

Kn 


CIO 

Pin Capacitance 


10 

PF 

fc = 1MHz 

VTH 

Schmitt Width 

0.4 

1.0 (Typ) 

V 


RESET, NMI. INTO (P87) 


RK 

Pull Down/Up Register 

50 





Note: l-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics 

Vcc = 5V±10%TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4MHz 20MHz) 


No. 

Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

1 

fesc 

Osc. Period (= x) 

50 

250 

62.5 


50 


ns 

2 

tCLK 

CLK width 

2X-40 


85 


60 


ns 

■ 


A0-23Valid->CLKHold 



11 


5 


ns 

m 


CLKValid-^AO-23 Hold 

1.5X-70 




5 


ns 

m 


AO-15 Valid-^ALE fall 

0.5X-15 

bhh 

16 





6 

^LA 

ALE fall->A0-15Hold 

0.5X-15 


16 


nmm 


ns 

7 

III 

ALE High width 





'HSU 


HBi 

8 

kc 

ALE falURD/WR fall 



1 


-5 



9 

^CL 

RD/WR rise-^ALE rise 



11 


5 


noil 

m 

UCL 

A0-15Valid-^M/WRfall 

x-25 




25 


HQ[|| 

■n 

kcH 


1.5X-50 




25 


ns 

m 

kh 

^/WRrise^AO-23 Hold 

0.5X-20 


11 


5 


IHSii 

m 

Udl 

A0-15Valid^D0-15input 




133 


95 

mQii 

■a 

Udh 

A0-23Valid^D0-15input 




154 


110 

mm 

m 

^RD 

^fall->DO-15 input 




75 



momi 

H 

^RR 

W Low width 





m^n 


ns 

■B 

^HR 






Hom 


mfmii 

m 

^RAE 

RD rise^AO -15 output 

x-15 


48 


35 


mmi 


tww 

WrLow width 

2.0X-40 


85 


60 


mmi 


tow 




75 


50 


ns 

El 

^WD 

WR rise^DO-ISHold 





15 


ns 

22 

^AEH 








ns 

23 

^AWL 

AO -15 Valid->WAiT input (1WAIT + n mode) 


3.0X-80 


108 



ns 

24 

tw 

RD/WR fall-^WM Hold (1 WAIT + n mode) 

2.0X + 0 


125 




mHi 

25 

Uph 

AO - 23 Valid->PORT input 


2.5X-120 


36 


5 

ns 

26 

UpH2 

AO-23Valid-^PORT Hold 

2.5X + 50 


206 




moH 

27 

k? 

WRrise-^PORT Valid 


200 


200 


200 

ns 

28 

USRH 

A0-23Valid->Mfall 

I.Ox-40 


23 




mm 


USRL 

A0-15Valid^Mfall 



16 


10 


ns 

El 

tRAC 

RAS fall->DO-15 input 




130 


86 

ns 

31 

^RAH 

Mfall->A0-15Hold 

0.5X-15 


16 


10 


ns 

32 

tRAS 

^Low width 

2.0X-40 


85 


60 


ns 

33 

^RP 

l^High width 

2.0X-40 


85 


60 


ns 

34 

^RSH 

CAS fall-»RAS rise 

I.Ox-35 


28 


15 


ns 

35 

^RSC 

^ rise->C^ rise 

0.5X-25 


6 


0 


ns 

36 

tRCD 

RAS fall 

I.Ox-40 


23 


10 


ns 

37 

tcAC 

^fall->DO-15 input 


1.5X-65 


29 


10 

ns 

38 

tCAS 

CAS Low width 

1.5X-30 


64 


40 


ns 


*tADL value is different from TMP96C141/TMP96CM40. 

AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CL50pF____ 

(However CL = fOOpF for ADO ~ AD15. ADO ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO ~ CAS2) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

HighO.SVcc /Low 0.2Vcc (Except for ADO ~ AD15) 
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4.4 A/D Conversion Characteristics 

Vcc = 5V±10%, TA = -40 - 85°C (4 ~ 16MHz) TA = -20 - 70°C (4 ~ 20MHz) 


Symbol 

Parameter 

Min 

Typ 

Max 

Unit 

Vref 

Analog reference voltage 

Vcc-1.5 

Vcc 

Vcc 

V 

Agnd 

Analog reference voltage 

Vss 

Vss 

Vss 

Vain 

Analog input voltage range 

Vss 


Va 

•ref 

Analog current for analog reference voltage 



1.5 

mA 

Error 

(Quantize error of 
ifl.5 LSB not included) 

4<fc<16MH2 

Low change mode 


±1.5 



High change mode 



jjjHKQHH 

16 <fc< 20MHz 

Low change mode 


±1.5 


High change mode 



ifi.O 


4.5 Serial Channel Timing - I/O Interface Mode 

Vcc = 5V±10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz) 

(1) SCLK Input Mode 


Symbol 

Parameter 

Variable 

_ 

16MHz 

20MHz 

_ 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tsCY 

SCLK cycle 

16x 


1 


0.8 


MS 


Output Data->rising edge of SCLK 

tscY/2 - 5x - 50 


137 


mjljH 


ns 


SCLK rising edge-> output data hold 

5X-100 


212 


[[llgjil 


ns 

■HH 

SCLK rising edge-^input data hold 

0 


0 




ns 

tsRD 

SCLK rising edge-^effective data input 


tscY-5x-100 


587 


450 

ns 


Vcc = 6V±10%, TA = -40 - 85“C (4 ~ 16MHz) TA = -20 ~ 70X (4 -- 20MHz) 

(2) SCLK Output Mode 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tsCY 

SCLK cycle (programmable) 

16x 

8192X 

1 

512 

0.8 

409.6 

MS 

toss 

Output Data-^rising edge of SCLK 

tscY-2x-150 






ns 


SCLK rising edge^output data hold 

2X-80 


45 


20 


ns 

tnsR 

SCLK rising edge-^input data hold 

0 


0 


0 


ns 

tSRD 

SCLK rising edge-^effective data input 


tscY-2x-150 


725 



ns 


4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 

Vcc = 5V±10%, TA = -40 ~ 85°C (4 - 16MHz) TA = -20 -- 70°C (4 ~ 20MHz) 


Symbol 

Parameter 

Variable 

16MHz 



Min 

Max 

Min 




tvCK 

Clock cycle 

8X + 100 


600 




ns 

tvCKL 

Low level clock pulse width 

4x + 40 


290 




ns 

tvCKH 

High level clock pulse width 

4x + 40 


290 




ns 
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4.8 Timing Chart for I/O Interface Mode 


CLK 


— I 


J—I_I—L_J—L 
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4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 



I\ 



Parameter 

Variable 


20MHz 

Unit 

Min 




Min 

Max 


BUSRQ setup time for CLK 

120 


120 


120 


ns 

tCBAL 

CLK->BUSAK falling edge 


1.5X + 120 


214 


195 

ns 

tcBAH 

CLK-^BUSAK rising edge 


0.5X + 40 


71 


65 

ns 

Uba 

Output buffer is off to BUSAK { _ 

0 

80 

0 

80 

0 

80 

ns 

tBAA 

BUSAK _J output buffer is on. 

0 

80 

0 

80 

0 

80 

ns 


Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0” during “Wait” cycle. 

Note 2: This line only shows the output buffer is off-state. 

They don’t indicate the signal level is fixed. 

After the bus is released, the signal level is kept dynamically before the bus is released by the external capacitance. 

Therefore, to fix the signal level by an external resistance under the bus is releasing, the design must be carefully because of the level fix will be 
delayed. 

The internal programmable pull-up/pull-up resistance is switched active/non-active by the internal signal. 
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4.10 Read Operation (PROM Mode) 

DC Characteristic, AC Characteristic TA = -40 - 85 C, V^c = 5V±10% 


Symbol 

Parameter 

Condition 

Min 

Max 

Unit 

Vpp 

Vpp Read Voltage 

- 

4.5 



Vhi 

Input High Voltage (AO ~ A16, CE, OE. PGM) 

- 

0.7xVcc 

Vcc + 0.3 


V|L1 

Input Low Voltage (AO ~ A16. CE, OE, PGM) 

- 

-3.0 

0.3xVcc 

IHQIIIIH 

^ACC 

Address to Output Delay 

CL = 50pF 

- 

2.25TCYC + a 

ns 


TCYC = 400ns (1 OMHz Clock) 
a = 200ns 


4.11 Programming Read Operation (PROM Mode) 

DC Characteristic, AC Characteristic TA = 25±5 C, V^c = 6.25V10.25V 


Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Unit 


Programming Supply Voltage 

- 

12.50 

12.75 

12.75 

V 


Input High Voltage (DO ~ D7) 

- 

0.2VCC + 1.1 



V 


Input Low Voltage (DO ~ D7) 

- 

-0.3 



V 


Input High Voltage (AO ~ A16, CE, OE, PGM) 

- 

0.7Vcc 



V 


Input Low Voltage (AO ~ A16, CE, OE, PGM) 

- 

-3.0 



V 


Vcc Supply Current 

fc = 10MHz 

- 



mA 

ihhi 

Vpp Supply Current 

Vpp = 13.00V 

- 



mA 

■BH 

PGM Program Pulse Width 

Cl = 50pF 

0.095 

0.1 

0.105 

ms 
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4.13 Programming Operation Timing Chart (PROM Mode] 



Note 

1. The power supply of Vpp (12.75V) must be set power -on at the same time or the later time for a power supply of Vqq and must be clear power-on at 
the same time or early time for a power supply of Vqq. 

2. The pulling up/down device on condition of Vpp = 12.75V suffer a damage for the device. 

3. The maximum spec of Vpp pin is 14.0V. Be careful a overshoot at the program writing. 
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5. Differences Between TMP96C141AF, The devices TMP96C141AF, TMP96CM40F, and 

TMP96CM40F and TMP96PM40F TMP96PM40F have much the same function, but they are dif- 

’ ferent from following points. 


Parameter 

TMP96C141AF 

TMP96CM40F 

TMP96PM40F 

Internal ROM 

Does not exist 

Mask ROM 32K-byte 

PROM 32K-byte 

POO to P07, ADO to ADZ 

Does not exist 

After reset POO to P07 

P10to P17, AD8toAD15.A8toA15 

OnlyAD8toAD15 

After reset PI 0 to P17 

P30.RD 

OnlyRD 

After reset P30 

P31.WR 

OnlyWR 

After reset P31 
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Notes 
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CMOS 16-bit Microcontrollers 
TMP96C031 N/rMP96C031 F 

1. Outline and Device Characteristics 

The TMP96C031 are high-speed advanced 16-bit microcon¬ 
trollers developed for controlling medium to large-scale equip¬ 
ment. TMP96C031N comes in a 64-pin shrink DIP; the 
TMP96C031F, in a 64-pin flat package. 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 

• General-purpose registers and register bank system 

• 16-bit multiplication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 

- 4 channels (1.6fis/2 bytes @ 20MHz) 

(2) Minimum instruction execution time 

- 200ns @ 20MHz 


(3) External memory expansion 

• Can be expanded up to 16M-bytes (for both programs and 
data). 

• External data bus width selection pin (AM8/T6) 

• Can mix 8- and 16-bit external data buses. 

•Dynamic data bus sizing 

(4) 8-bit timer: 2 channels 

(5) 16-bit timer: 2 channels 

(6) Pattern generator: 4 bits, 2 channels 

(7) Serial interface: 2 channels 

(8) 8-bit A/D converter: 4 channels 

(9) DRAM controller 

(10) Watchdog timer 

(11) Chip select/wait controller: 4 blocks 

(12) Interrupt functions 

• 3 CPU interrupts.SWI instruction, privileged violation, 

and Illegal instruction 

• 12 internal Interrupts 

• 9 external Interrupts 

(13) I/C ports: 37 pins 

(14) Standby function 


_I f -icvci fji lui iiy ueu i uo ooi. 


3 HALT modes (RUN, IDLE, STCP) 
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(ANO/INTO) P50- 
(AN 1/INTI) P51- 
{AN2/INT2) P52- 
(AN3/INT3) P53- 
VREF- 


(TXD1)P74- 

(RXD1)P75- 

(SCLK1)P76* 

(TXDO/PGOO) P60 - 
(RXD0/PG01)P61 - 
(CTS0/PG02) P62 - 


(PGOO/TXDO) P60 
(PGOVRXDO) P61 
(P^2/CTSO) P62 
(RFSH/PG03) P63 
(PG10) P64 
(PG11)P65 
( PG12/INT6 ) P66 
{PG13/WDTOUT)P67 


(TI0/WAIT)P31 • 


{TO1)P70 ■ 


(T03/DMUX)P71 • 


(T04 ) P71 - 
(TO5/HWR)P30 - 
(TI4/INT4) P72 * 
(TI5/INT5) P73 ■ 

(^/^) P43 • 
(^S/ INT7) P35 • 
(DMUX/T03)P71 ■ 
(PG03/RFSH) P63 • 


8-BIT 4CH 
A/D 

CONVERTER 


SERIAL I/O 
(CH.O) 


SERIAL I/O 
(CH.1) 


PATTERN 

GENERATOR 

(CH.O) 


PATTERN 

GENERATOR 

(CH.1) 


8-BIT TIMER 
(TIMER 0) 


8-BIT TIMER 
(TIMER 1) 


8-BIT TIMER 
(TIMER 2) 


8-BIT TIMER 
(TIMER 3) 


16-BIT TIMER 
(TIMER 4) 


ORAM 

CONTROL 



INTERRUPT 

CONTROLLER 




- VCC 

- VSS 


- AM8/1 6 
- RESET 
■ ALE 


- (NMI/RAA/) P34 

• (WDT0Lrf/PG13) 


• AD0~AD7 

• WR 
►RD 


•AD15~AD8/A15~A8 


-P20~P27 

(A16~A23) 



-P40(CS6) 

•P41(esT) 

'P42(CS2) 

■P43(C§3/CAS) 


Block Diagram 


Figure 1. TMP96C031F Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 

Figure 2.1 shows pin assignment of TMP96C031N. 


vrefII 

(AN0/INT0)P50[I 2 

{AN1/INT1)P5iC3 

(AN2/INT2)P52C 

(AN3/INT3)P53[I 5 
{PGOO/TxDO)P6oC 6 
(PG01/RxD0)P6lCI 
(PG02 /gTS0 )P62E 8 
(PG03/RKR)P63[I 9 
(PG10)P64[I 

(PGlDPesC 

( PG12/INT6) P66[I 
(PG13/WDTO UT)P67 lI 
REHTE 
(A16)P20C 
(A17)P2iE 
(A18)P22C 1 
(A19)P23C 1 
(A20)P24(I 1' 

(A21)P25E2l 

(A22)P26E 2 
(A23)P27[I 
ADOC 
ADlC 
AD2C 
AD3(I 
AD4C 
ADSC 
ADSC 
AD7 
ALEp 
VSSU 



□ VCC_ 

□ P43(CS3/eA5) 

□ P42(C§2) 

□ P41(esT) 

□ P40((!S0) 

□ P35(Ra5/INT7) 

□ P34(R/W/FlMi) 

□ P33( BUSAK) 

□ P32(BU SRQ) 

□ P31{TI0/WAIT) 

□ P30{T05/HWR) 

□ P76(SCLK1) 

□ P75(RxD1) 

□ P74{TxD1) 

□ P73{INT5m5) 

□ P72(INT4 n'l4) 

□ P71(T03/DMUX) 

□ P70(TO1/TO4) 

□ WR 

□ CLK 

□ AD15(A15) 

□ AD14(A14) 

□ AD13{A13) 

□ AD12(A12) 

□ ADn(An) 

□ AD10{A10) 

□ AD9(A9) 

□ AD8{A8) 

□ AM8/T5 

□ X2 

□ X1 


Figure 2.1 (1). Pin Assignment (64-SDIP) 

Figure 2.1 (2) shows pin assignment of TMP96C031F. 



(RAV/NMl) P34 r~7r 52 
(RAS/INT7) P35 I TT 53 
(CSO) P40 L-. li 54 

(C§T) P41 L,_11 55 

(£52) P42 [ TT 56 
(CS3/CAS) P43 I .11 
VCC CZHE 

VREF c ur 

(ANO/INTO) P50 1 II 
(AN1/INT1)P51 1 II 
(AN2/INT2) P52 f " H 
(AN3/INT3) P53 1 TT 
(PGOO/TxDO) P60 1 11 


51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 


57 


64# 


Top View 
QFP64 



JJ_1 ADIOIAIO) 

-ll. -J AD9(A9) 

IJ.I AD8 (A8) 

-iJ-1AM8/16 

inZ]X2 

naxi 

HEZIvss 

ICZDale 

irZJAD7 

IHZJAPe 

11 1AP5 
AD4 
A03 


!n o o Q 
o. < < < 


Figure 2.1 (2). Pin Assignment (64QFP) 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 


Table 2.2. Pin Names and Functions 


Pin Name 

Number 
of Pins 

I/O 

Functions 

ADO-ADZ 

8 

Tri-state 

Address/data (lower): 0 - 7 for address/data bus 

AD8-AD15 

Q 

Tri-state 

Address data (upper); 8 -15 for address/data bus 

A8-A15 

0 

Output 

Address; 8 to 15 for address bus 

P20~P27 


I/O 

Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 

A0~A7 

8 

Output 

Address: 0 - 7 for address bus 

A16-A23 


Output 

Address; 16-23 for address bus 

P30 


I/O 

Port 30: Output port (with pull-up register) 

T05 

1 

Output 

Timer output 5: Timer 4 output pin 

HWR 


Output 

High write: Strobe signal for writing data on pins AD8 -15 

P31 


I/O 

Port 31: Output port (with pull-up register) 

TIO 

1 

Output 

Timer output 0: Timer 0 input 

WAIT 


Output 

Write: Pin used to request CPU bus wait 

P32 

BUSRQ 

1 

I/O 

Input 

Port 32: I/O port (with pull-up register) __ 

Bus request: Signal used to request high impedance for ADO -15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 


CS1, and CS2 pins. (For external DMAC) 

P33 

BUSAK 

1 

I/O 

input 

Port 33: I/O port (with pull-up register) ___ 

Bus acknowledge; Strobe indicating that ADO -15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1, and CS2 


pins are at high impedance after receiving BUSRQ. 



I/O 

Port 34; I/O (with pull-up register) 


1 

Output 

Read/write: 1 represents read or dummy cycle 0, write cycle. 



Input 

Non-maskable interrupt request pin; Interrupt request pin with falling edge. Can also be operated at rising 
edge by program. 



I/O 

Port 35: I/O (with pull-up register) 


1 

Output 

Row address strobe: Outputs RAS strobe for DRAM. 



Input 

Interrupt request pin 7: Interrupt request pin with rising edge. 


■\ 

Output 

Port 40: I/O port 



Output 

Chip select 0: Outputs 0 when address is within specified address area. 


1 

Output 

Port 41; Output port 


Output 

Chip select 1: Outputs 0 if address is within specified address area. 


1 

Output 

Port 42: Output port 


Output 

Chip select 2: Outputs 0 if address is within specified address area. 



Output 

Port 43: Output port 

CS3 

1 

Output 

Chip select 3: Outputs 0 if address is within specified address area. 

CAS 


Output 

Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 

P50~P53 


Input 

Port 50 ~ 53: Input port 

AN0-AN3 


Input 

Analog input: Input to A/D converter 

INT1 - INT3 

4 

Input 

Interrupt request pin 0: Interrupt request pin with programmable level/rising edge. 

Interrupt request pin 1: Interrupt request pin with programmable rising/falling edge. 

Interrupt request pin 2 ~ 3: Interrupt request pin with rising edge. 

P60 


I/O 

Port 60: I/O port 

TxDO 

1 

Output 

Serial send data 0 

PGOO 


Output 

Pattern generator port 00 

P61 


I/O 

Port 61: I/O port 

RxDO 

1 

Output 

Serial receive data 0 

PG01 


Output 

Pattern generator port 01 


Note: The internal I/O of this device cannot be accessed using the external DMA controller. 
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Pin Name 

Number 
of Pins 

I/O 

Functions 

P62 


I/O 

Port 62: I/O port 

CTSO 

1 

Output 

Serial data send enable 0 (Clear to Send) 

PG02 


Output 

Pattern generator port 02 

P63 


I/O 

Port 63: I/O port 

RFSH 

1 

Output 

Refresh out: This is a state signal output pin which indicates that the DRAM controller is in refresh cycle. 

PG03 


Output 

Pattern generator port 03 

P64 

1 

I/O 

Port 64: I/O port 

PG10 


Output 

Pattern generator port 10 


1 

I/O 

Port 65: I/O port 



Pattern generator port 11 

P66 



Port 66: I/O port 

INT6 

1 


Interrupt request pin 6: Interrupt request pin with rising edge. 

PG12 



Pattern generator port 12 

P67 


I/O 

Port 71: I/O port 

WDTOUT 

1 

Output 

Watchdog timer output pin 

PG13 


Output 

Pattern generator port 13 

P70 


I/O 

Port 70: I/O port 

T01 

1 

Output 

Timer output 1: Timer 0 or 1 output pin 

T04 


Output 

Timer output 4: Timer 4 output pin 

P71 


I/O 

Port 71: I/O port 

T03 

1 

Output 

Timer output 3: Timer 2 or Timer 3 output pin 

DMUX 


Output 

DRAM address multiplexor: This pin outputs row address, column address, and selector select signal. 

P72 


I/O 

Port 72: I/O port 

INT4 

1 

Input 

Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge. 

TI4 


Input 

Timer input 4: Timer 4 count/capture trigger signal input 

P73 


I/O 

Port 73: I/O port 

INT5 

1 

Input 

Interrupt request pin 5: Interrupt request pin with programmable rising edge. 

TI5 


Input 

Timer input 5: Timer 4 count/capture trigger signal input 

P74 

i 

I/O 

Port 74: I/O port 

TxD1 

1 

Output 

Serial send data 1 

P75 

1 

I/O 

Port 75: I/O port 

RxD1 

Input 

Serial receive data 1 

P76 

1 

I/O 

Port 76: I/O port 

SCLK1 

I/O 

Serial clock I/01 

CLK 

1 

Output 

Clock output: Outputs [XU 4 Jclock. Pulled-up during reset. 

m 

1 

Output 

Read: Strobe signal for reading external memory. 

Wr 

1 

Output 

Write: Strobe signal for writing data on pins ADO - 7. 

AM8/i6 

1 

Input 

Address mode: External data bus width selection pin. Set to “0” for fixed external 16-bit bus or for mixed 
external 8/16 bit bus and to "1” for fixed external 8-bit bus. 

RE^ 

1 

Input 

Reset: Initializes LSI. (With pull-up resistor) 

ALE 

1 

Output 

Address latch enable 

X1/X2 

1 

I/O 

Oscillator connecting pin 

VCC 

1 


Power supply pin (-5V) 

VSS 

1 


GNDpin(OV) 


Note: Pull-up/pull-down resistor can be released from the pin by software. 
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3. Operation 

This section describes in blocks the functions and basic opera¬ 
tions of the TMP96C031F device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 

3.1 CPU 

The TMP96C031F device has a built-in high-performance 16- 
bit CPU. (For CPU operation, see TLCS-900 CPU in the book 
Core Manual Architecture User Manual.) 

This section describes CPU functions unique to 
TMP96C031F that are not described in the previous section. 

3.1.1 Reset 

To reset the TMP96C031F, the RESET input must be kept at 0 
for at least 10 system clocks (10 states: 1 \is with a 20MHz 
system clock) within an operating voltage range and with a sta¬ 
ble oscillation. 

When reset is accepted, the CPU sets as follows: 

• Program counter (PC) to 8000H. 

• Stack pointer p(SP) for system mode to 1 CX)H. 

• SYSM bit of status register (SR) to 1. (Sets to system mode.) 

• IFF2 to 0 bits of status register to 111. (Sets mask register to 
Interrupt level 7.) 

• MAX bit of status register to 0. (Sets to minimum mode.) 

• Bits RFP2 to 0 of status register to 000. (Sets register banks 
to 0.) 

When reset is released, instruction execution starts from 
address 8000H. CPU internal registers other than the above 
are not changed. 

When reset is accepted, processing for built-in I/Os, 
ports, and other pins is as follows: 


• Initializes built-in I/O registers as per specifications. 

• Sets port pins (including pins also used as built-in I/Os) to 
general-purpose input/output port mode (sets I/O ports to 
input ports). 

• Sets the WDTOUT pin to 0. (Watchdog timer is set to enable 
after reset.) 

• Pulls up the CLK pin to 1. 

• Sets the ALE pin to 0. 

3.1.2 External Data Bus Width Selection Pin (AM8/T6) 

The TMP96C031F automatically operates in 8-bit ^s/16-bit 
bus mode after reset depending on how the AM8/16 pin is set, 
The TMP96C031F have altogether the following 23 inter¬ 
rupt sources: 

• For mixed external 8/16-bit data bus or fixed 16-bit data bus 

Set this pin to “0”. Then the AD8 to 15/A8 to 15 pins are 
fixed to functions AD8 to 15. 

The external data bus width is set by the chip select/wait 
control register described in section 3.6.1. 

• For fixed external 8-bit data bus 

Set this pin to “1 ”. Then the AD8 to 15/A8 to 15 pins are 
fixed to functions A8 to 15. 

The value of chip select/wait control register bit 4 
(<B0BUS>, <B1BUS>, <B2BUS>, <B3BUS>) described in 
Section 3.6.1 is ignored and the bus is fixed external 8-bit data 
bus. 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96C031R 



Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to 10OH. 


Figure 3.2. Memory Map 
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3.3 interrupts TMP96C031F have altogether the following 24 interrupt 

TLCS-900 interrupts are controlled by the CPU interrupt mask sources: 
flip-flop (IFF2 to 0) and the built-in interrupt controller. 


• Interrupts from the CPU■•■3 

(Software interrupts, privileged violations, and Illegal (undefined) instruction execution) 

• Interrupts from external pins (NMI, INTO, and INTO to 7)-“9 

• Interrupts from built-in l/Os -‘12 
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A fixed individual interrupt vector number is assigned to 
each interrupt source; six levels of priority (variable) can also be 
assigned to each maskable interrupt. Non-maskable interrupts 
have a fixed priority of 7. 

When an interrupt is generated, the interrupt controller 
sends the value of the priority of the interrupt source to the 
CPU. When more than one interrupt is generated simulta¬ 
neously, the interrupt controller sends the value of the highest 
priority (7 for non-maskable interrupts is the highest) to the 
CPU. 

The CPU compares the value of the priority sent with the 
value in the CPU interrupt mask register (IFF2 to 0). If the value 
is greater than that of the CPU interrupt mask register, the 
interrupt is accepted. The value in the CPU interrupt mask reg¬ 
ister (IFF2 to 0) can be changed using the El instruction (con¬ 
tents of the El num/IFF <2:0> = num). For example, 
programming El 3 enables acceptance of maskable interrupts 


with a priority of 3 or greater, and non-maskable interrupts 
which are set in the interrupt controller. The Dl instruction (IFF 
<2:0> = 7) operates in the same way as the El 7 instruction. 
Since the priority values for maskable interrupts are 0 to 6, the 
Dl instruction is used to disable maskable interrupts to be 
accepted. The El instruction becomes effective immediately 
after execution. (With the TLCS-90, the El instruction becomes 
effective after execution of the subsequent instruction.) 

In addition to the general-purpose interrupt processing 
mode described above, there is also a high-speed ^iDMA pro¬ 
cessing mode. High-speed iliDMA is a mode used by the CPU 
to automatically transfer byte or word data. It enables the CPU 
to process interrupts such as data saves to built-in I/Os at high 
speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 
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General-purpose 
interrupt processing 



Figure 3.3 (1). Interrupt Processing Flowchart 
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3.3.1 General-Purpose Interrupt Processing 

When accepting an interrupt, the CPU operates as follows: 

(1) The CPU reads the interrupt vector from the interrupt 
controller When more than one interrupt with the same 
level is generated simultaneously, the interrupt controller 
generates interrupt vectors in accordance with the 
default priority (which is fixed as follows: the smaller the 
vector value, the higher the priority), then clears the inter¬ 
rupt request. 

(2) The CPU pushes the program counter and the status 
register to the system stack area (area indicated by the 
system mode stack pointer). 

(3) The CPU sets a value in the CPU interrupt mask register 
<IFF2 to 0> that is higher by 1 than the value of the 
accepted interrupt level. However, if the value is 7, 7 is 
set without an increment. 

(4) The CPU sets the <SYSM> flag of the status register to 1 
and enters the system mode. 

(5) The CPU jumps to address 8000H + interrupt vector, 
then starts the interrupt processing routine. 


The table below shows the number of execution states 
for the above processing times. 


Bus Width of Stack Area 

Interrupt Processing State Number 

MAX mode 

Min mode 

8-bit 

23 

19 

16-bit 

17 

15 


To return to the main routine after completion of the inter¬ 
rupt processing, the RETI instruction is usually used. Executing 
this instruction restores the contents of the program counter 
and the status registers. 

Though acceptance of non-maskable interrupts cannot 
be disabled by program, acceptance of maskable interrupts 
can. A priority can be set for each source of maskable inter¬ 
rupts. The CPU accepts an interrupt request with a priority 
higher than the value in the CPU mask register <IFF2 to 0>. 
The CPU mask register <IFF2 to 0> is set to a value higher by 
1 than the priority of the accepted interrupt. Thus, if an inter¬ 
rupt with a level higher than the interrupt being processed is 
generated, the CPU accepts the interrupt with the higher level, 
causing interrupt processing to nest. The CPU does not 
accept an interrupt request of the same level as that of the 
interrupt being processed. 

Resetting initializes the CPU mask registers <IFF2 to 0> 
to 7; therefore, maskable interrupts are disabled. 

The addresses 008CX)0H to 0081FFH (512 bytes) of the 
TLCS-900 are assigned for interrupt processing entry area. 
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Table 3.3 (1) TMP96C031F Interrupt Table 


Default Priority 

Type 

Interrupt Source 

Vector Value 

“V” 

Start Address 

High-Speed 
Micro DMA 
Start to Vector 

1 


Reset 

, or SWIO instruction 

0 0 0 0 H 

8 0 0 0 H 

- 

2 


INTPREV: 

Privileged violation, orSWII 

0 0 1 0 H 

8 0 1 0 H 

- 

3 


INTUNDEF: 

Illegal instruction, or SWI2 

0 0 2 0 H 

8 0 2 0 H 

- 

4 


SWI3 Instruction 


0 0 3 0 H 

8 0 3 0 H 

- 

5 

Non- 

Maskable 

SWI4 Instruction 


0 0 4 0 H 

8 0 4 0 H 

- 

6 

SWI 5 Instruction 


0 0 5 0 H 

8 0 5 0 H 

- 

7 


SWI 6 Instruction 


0 0 6 0 H 

8 0 6 0 H 

- 

8 


SWI 7 Instruction 


0 0 7 0 H 

8 0 7 0 H 

- 

9 


® Pin 


0 0 8 0 H 

8 0 8 0 H 

08H 

10 


INTWD: 

Watchdog timer 

0 0 9 0 H 

8 0 9 0 H 

09H 

11 


INTO pin 


0 0 A 0 H 

8 0 A 0 H 

OAH 

12 


INT4 pin 


0 0 B 0 H 

8 0 B 0 H 

OBH 

13 


INT5 pin 


0 0 C 0 H 

8 0 C 0 H 

OCH 

14 


INT6pin 


0 0 D 0 H 

8 0 D 0 H 

ODH 

15 


INT7 pin 


0 0 E 0 H 

8 0 E 0 H 

OEH 

- 


(Reserved) 


0 0 F 0 H 

8 0 F 0 H 

OFH 

16 


INHO: 

8-bit timer 0 

0 1 0 0 H 

8 1 0 0 H 

10H 

17 


INHI: 

8-bit timer 1 

0 1 1 0 H 

8 1 1 0 H 

11H 

18 


INn2: 

8-bit timer 2/PWMO 

0 1 2 0 H 

8 1 2 0 H 

12H 

19 


INTT3: 

8-bit timer 3/PWM1 

0 1 3 0 H 

8 1 3 0 H 

13H 

20 

Maskable 

INnR4: 

16-bit timer 4 (TREG4) 

0 1 4 0 H 

8 1 4 0 H 

14H 

21 

INTTR5: 

16-bit timer 4 (TREG5) 

0 1 5 0 H 

8 1 5 0 H 

15H 

22 


(Reserved) 


0 1 6 0 H 

8 1 6 0 H 

16H 

23 


(Reserved) 


0 1 7 0 H 

8 1 7 0 H 

17H 

24 


INTRXO: 

Serial receive (Channel.O) 

0 1 8 0 H 

8 1 8 0 H 

18H 

25 


INHXO: 

Serial send (Channel.O) 

0 1 9 0 H 

8 1 9 0 H 

19H 

26 


INTRX1: 

Serial receive (Channel.1) 

0 1 A 0 H 

8 1 A 0 H 

1AH 

27 


INTTX1: 

Serial send (Channel.1) 

0 1 B 0 H 

8 1 B 0 H 

1BH 

28 


INTAD: 

A/D conversion completion 

0 1 C 0 H 

8 1 C 0 H 

1CH 

29 


INTI pin 


0 1 D 0 H 

8 1 D 0 H 

1DH 

30 


INT2 pin 


0 1 E 0 H 

8 1 E 0 H 

1EH 

31 


INT3 pin 


0 1 F 0 H 

8 1 F 0 H 

1FH 


3.3.2 High-Speed p^DMA 

In addition to the conventional interrupt processing, the TLCS- 
900 also has a high-speed [iDMA function. When an interrupt 
is accepted, in addition to an interrupt vector, the CPU receives 
data indicating whether processing is high-speed pDMA mode 
or general-purpose interrupt. If high-speed ^iDMA mode is 
requested, the CPU performs high-speed |iDMA processing. 


The TLCS-900 can process at very high speed com¬ 
pared with the TLCS-90 ^iDMA because it has transfer param¬ 
eters in dedicated registers in the CPU. Since those dedicated 
registers are assigned as CPU control registers, they can only 
be accessed by the LDC (privileged) instruction. 
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(1) High-Speed ^DMA Operation 

High-speed |liDMA operation starts when the accepted inter¬ 
rupt vector value matches the |iDMA start vector value set in 
the interrupt controller. The high-speed ^iDMA has four chan¬ 
nels so that it can be set for up to four types of interrupt 
source. 

When a high-speed fiDMA interrupt is accepted, data is 
automatically transferred from the transfer source address to 
the transfer destination address set in the control register, and 
the transfer counter is decremented. If the value in the counter 
after decrementing is other than 0, high-speed )liDMA process¬ 
ing is completed. If the value in the counter after decrementing 
is 0, general-purpose interrupt processing is performed. In 
read-only mode, which is provided for DRAM refresh, the value 
in the counter is ignored and dummy read is repeated. 

The 32-bit control registers are used for setting transfer 
source/destination addresses. However, the TLCS-900 has 
only 24 address pins for output. A16M-byte space is available 
for the high-speed |iDMA. Also in normal mode operation, the 
all address space (in other words, the space for system mode 
which is set by the CS/WAIT controller) can be accessed by 
high-speed jiDMA processing. 


There are two data transfer modes: one-byte mode and 
one-word mode. Incrementing, decrementing, and fixing the 
transfer source/destination address after transfer can be done 
in both modes. Therefore data can easily be transferred 
between I/O and memory and between I/Os. For details of 
transfer modes, see the description of transfer mode registers. 

The transfer counter has 16-bit, so up to 65536 transfers 
(the maximum when the initial value of the transfer counter is 
OOOOH) can be performed for one interrupt source by high¬ 
speed m,DMA processing. 

After transferring data using the high-speed ^iDMA and 
the transfer counter has been decremented to 0, the program 
goes to a general-purpose interrupt processing. Note that after 
interrupt processing, when an interrupt for the same channel is 
generated, if the system requires resetting the transfer counter 
starts from 65536. 

The following section illustrates the high-speed ^iDMA 
cycle when the transfer destination address is in INC mode. 
(MIN mode, 16-bit bus for all address areas, 0 wait). 

Interrupt sources processed by high-speed ^iDMA pro¬ 
cessing are those with the high-speed p,DMA start vectors 
listed in Table 3.3 (1). 
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High-speed //DMA cycle (COUNT = 0) 


Note 1; If an 8-bit bus is used for the source address area, two states are 
added. 

Note 2; If an 8-bit bus is used for the destination address area, two states 
are added. 


Note 3: A dummy cycle may be generated depending on the instruction 
queue buffer states. 

Note 4: If an 8-bit bus is used for the stack area, two states are added. 
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(2) Register Configuration (CPU Control Register) 


Transfer source address register 0 
Transfer destination address register 0 
Transfer counter register 0 
Transfer mode register 0 


Transfer source address register 1 
Transfer destination address register 1 
Transfer counter register 1 
Transfer mode register 1 


Transfer source address register 2 
Transfer destination address register 2 
Transfer counter register 2 
Transfer mode register 2 


Transfer source address register 3 
Transfer destination address register 3 
Transfer counter register 3 
Transfer mode register 3 


Only the LDCcr.r instruction can set data in those control registers. 


ChannelO 


DMASO 

DMADO 


DMACO 



DMAMO 


Channell 


DMAS1 

DMAD1 


DMAC1 



DMAMl 


Channel2 


DMAS2 

DMAD2 


DMAC2 



DMAM2 


Channel3 


DMAS3 

DMAD3 


DMAC3 

-3i 

DMAM3 

|-e-8-bit— 

-16-bit-► 

►-bit -► 


J(Use only lower 24-bit.) 
(1-65536) 
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(3) Transfer Mode Register Details 


time (Min. 20MHz) 

16 states 
(2^s@16MHz) 

16 states 
(2a<s(®16MHz) 

16 states 
(2;/S@16MHz) 

16 states 
(2/.s(gl6MHz) 
16 states 
{2//s@16MHz) 

11 states 

(1.375;t/s@16MHz) 
(1 states = 100ns) 


Execution time: When 16-bit bus width and 0 wait are set for the transfer destination/source address. 

Note: n: corresponds to high-speed |iDMA channels 0 - 3. 

DMADn +/DMASn -i-: Post-increment (Increments register value after transfer.) 

DMADn -/DMASn -: Post-decrement (Decrement register value after transfer.) 


All address space (the space for system mode) can be for transfer mode control, 
accessed by high-speed ^iDIVIA. Do not use undefined codes 


Note: When specifying values for this 
register, set the upper 4-bit to 0. 


^— 2:0 = byte transfer, 1 = word transfer 

Z Transfer destination address INC mode . for I/O to memory 

(DMADn+ )«-(DMASn) 

DMACn^DMACn -1 

_ if DMACn = 0then INT. _ 

2 Transfer destination address DEC mode . for I/O to memory 

(DMADn-)<-(DMASn) 

DMACn«-DMACn -1 

_ if DMACn =0 then INT. _ 

Z Transfer source address INC mode . for I/O to memory 

(DMADn)(DMASn+) 

DMACn<-DMACn -1 

_ if DMACn =0 then INT. _ 

Z Transfer source address DEC mode . for I/O to memory 

(DMADn) 4-(DMASn-) 

DMACn4-DMACn -1 

_ if DMACn =0 then INT. _ 

Z Fixed address mode . I/O to I/O 

(DMADn) 4-(DMASn) 

DMACn4-DMACn -1 
if DMACn =0 then INT. 


for I/O to memory 


for I/O to memory 


1 Counter mode. 

DMASn4-DMASn + 1 
DMACn4-DMACn -1 
if DMACn = 0 then INT. 


for interrupt counter 
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3.3.3 Interrupt Controller 

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The 
left half of the diagram shows the interrupt controller; the right 
half includes the CPU interrupt request signal circuit and the 
HALT release signal circuit. 

Each interrupt channel (total of 20 channels) in the inter¬ 
rupt controller has an interrupt request flip-flop, interrupt prior¬ 
ity setting register, and a register for storing the high-speed 
micro DMA start vector. The interrupt request flip-flop is used 
to latch interrupt requests from peripheral devices. The flip-flop 
is cleared to 0 at reset, when the CPU reads the interrupt 
channel vector after the acceptance of interrupt, or when the 
CPU executes an instruction that clears the interrupt of that 
channel (writes 0 in the clear bit of the interrupt priority setting 
register). 

For example, to clear the INTO interrupt request, set the 
register after the Dl instruction as follows. 

INTE0AD<-0 — Zero-dears the INTO Flip Flop. 

The status of the interrupt request flip-flop is detected by 
reading the clear bit. Detects whether there is an interrupt 
request for an interrupt channel. 

The Interrupt priority can be set by writing the priority in 
the interrupt priority setting register (e.g., INTEOAD, INTE45, 
etc.) provided for each interrupt source, interrupt levels to be 
set are from 1 to 6. Writing 0 or 7 as the interrupt priority dis¬ 


ables the corresponding inter rupt request. The priority of the 
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed 
to 7. If interrupt requests with the same interrupt level are gen¬ 
erated simultaneously, interrupts are accepted in accordance 
with the default priority (the smaller the vector value, the higher 
the priority). 

The interrupt controller sends the interrupt request with 
the highest priority among the simultaneous interrupts and its 
vector address to the CPU. The CPU compares the priority 
value <IFF2 to 0> set in the Status Register by the interrupt 
request signal with the priority value sent; if the latter is higher, 
the interrupt is accepted. Then the CPU sets a value higher 
than the priority value by 1 in the CPU SR <IFF2 to 0>. Inter¬ 
rupt requests where the priority value equals or is higher than 
the set value are accepted simultaneously during the previous 
interrupt routine. When interrupt processing is completed (after 
execution of the RETI instruction), the CPU restores the priority 
value saved in the stack before the interrupt was generated to 
the CPU SR <IFF2 to 0>. 

The interrupt controller also has four registers used to 
store the high-speed other fiDMA start vector. These are I/O 
registers; unlike other DMA registers (DMAS, DMAD, DMAM, 
and DMAC), they can be accessed in either normal or system 
mode. Writing the start vector of the interrupt source for the 
^iDMA processing (see Table 3.3 (1)), enables the correspond¬ 
ing interrupt to be processed by ^iDMA processing. The values 
must be set in the jiDMA parameter registers (e.g., DMAS and 
DMAD) prior to the ^lDMA processing. 
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NMI 


INTWD 


INTO 


INT4 

INT5 

INT6 

INT7 

INTTO 

INTT1 

INTT2 

INTT3 

INTTR4 

INTTR5 

INTTR6 

INTTR7 

INTRXO 

IMTTXO 

INTRXl 

INTTX1 

INTAD 



Figure 3.3.3 (1). Block Diagram of Interrupt Controller 
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(1) interrupt Priority Setting Register 


(Read-modify-write prohibited.) 


Svmbol 

Address 

7 

J _&_ 

S 

4 


2 

1 

i 0 1 



INTI 

INTO 1 

INTE01 

0070H 

lie 

i MM2 

I1M1 

i I1M0 

IOC 

I0M2 

i I0M1 

i lOMO 

R/W 


W 


R/W 


W 




0 

0 

0 

0 

0 

0 

0 

0 



INT3 

INT2 1 

INTE23 

0071H 

I3C 

i I3M2 : 

I3M1 

; I3M0 

I2C 

t2M2 

! I2M1 

; I2M0 1 

R/W 


W 


R/W 

W 1 



0 

0 

0 

_Q_ 

0 

0 

0 




INT5 

INT4 1 

INTE45 

0072H 

ISC 

; I5M2 ; 

I5M1 

i I5M0 

I4C 

I4M2 

I4M1 

; I4M0 1 

R/W 


W 


R/W 

W 1 



0 

0 i 

0 

0 

0 

0 

0 




INT7 

INT6 1 

INTE67 

0073 H 

^TC 

; i7M2 : 

I7M1 

I7M0 

I6C 

I6M2 

I6M1 

I I6M0 

R/W 


W 


R/W 


W 




0 

: 0 ! 

0 

0 

0 

0 

0 

0 



INTT1 (Timer 1) 

INTTO (Timer 0) 1 

INTET10 

0074H 

IT1C 

i IT1M2 i 

IT1M1 

IT1M0 

ITOC 

IT0M2 

IT0M1 

ITOMO 

RAA/ 


W 


R/W 


W 




0 

: 0 : 

0 

0 

0 

0 

0 

0 




INTT3 (T 

mer 3) 


INTT2(Timer2) 1 

INTET32 

0075H 

IT3C 

: IT3M2 i 

IT3M1 

IT3M0 

IT2C 

IT2M2 

IT2M1 

IT2M0 

RW 


W 


R/W 


W 




0 

0 ; 

0 

0 

0 

0 

0 

0 



INTTR5 (TREG5) 

INTTR4 (TREG4) 1 

INTET54 

0076H 

IT5C 

: IT5M2 i 

IT5M1 

IT5M0 

IT4C 

IT4M2 

IT4M1 

IT4M0 1 

R/W 


W 


RfW 

W 1 



0 

0 

0 

0 

0 

0 

0 




INTTXO 

INTRXO 1 

INTESO 

0077H 

ITXOC 

; ITX0M2 i 

ITXOMI 

ITXOMO 

IRXOC 

IRX0M2 

IRX0M1 

IRXOMO 1 

R/W 


W 


R/W 

W 1 



0 

0 ; 

0 

0 

0 

0 

0 

° 1 



INTTX1 

INTRX1 1 

INTES1 

0078H 

ITX1C 

■ ITX1M2 i 

ITX1M1 

ITX1M0 

IRX1C 

IRX1M2 

IRX1M1 

IRX1M0 1 

R/W 


W 


R/W 

W 1 



0 

; 0 ; 

0 

0 

0 

0 

0 

. Q . 



INTAD 


INTEAD 

0079H 

lADC 

; IADM2 i 

IADM1 

lADMO 




W 





0 

0 j 

0 

0 




lxxM2 

IxxMl 

IxxMO 

Function (Write) 


0 

0 

0 

Prohibits interrupt request. 


0 

0 

1 

Sets interrupt request level to " 1". 


0 

1 

0 

Sets interrupt request level to ”2". 


0 

1 

1 

Sets interrupt request level to "3". 


1 

0 

0 

Sets interrupt request level to "4". 


1 

0 

1 

Sets interrupt request level to "5". 


1 

1 

0 

Sets interrupt request level to '’6”. 


1 

1 

1 

Prohibits interrupt request. 


IxxC 

Function (Read) 

Function (Write) 

0 

Indicates no interrupt request. 

Clears interrupt request flag. 

1 

Indicates interrupt request. 

.Don't care. 
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(2) External Interrupt Control 


IIMCO 

(007AH) 



7 

6 15:4 

3 2 

1 

0 

bit Symbol 

I4IE 

I3IE I2IE HIE 

HEM lOIE 

IDLE 

NMIREE 

Read/Write 

w I 

After reset 

0 

0 

0 

0 

0 0 

0 

0 

Function 

1: INT4 

Input 

enable 

1: INT3 

Input 

enable 

1: INT2 

Input 

enable 

1: INTI 

Input 

enable 

OtlNTl ;1:INT0 
rising Input 

edge ienable 

I.INTI 
falling 
edge 

0: INTO 

edge 

mode 

1: INTO 

level 

mode 

-- \ -^ 

1: Can be 

operated 

inNMI 

rising 

edge. 

' 1 


prohibited. 


INTn Input enable 


INTn input disable 


INTn Input enable 


Note : The INTO pin can also be used for standby release as described later. 
Even if the pin is not used for standby release, setting <IOIE> to 
“0” maintains the port function during standby mode. 


' N'MI rising edge enable 


Interrupt request generation at 
falling edge 


Interrupt request generation at 
rising/falling edge 


■ INTO level enable 


0 I Rising edge detect interrupt 


1 I High level interrupt 


• INTI level enable 


Rising edge detect interrupt 


Falling edge detect interrupt 


IIMCI 

(007BH) 


Read-modify-write is 
prohibited. 


Interrupt Input Mode Control Register 1 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 






I7IE 

I6IE 

I5IE 

ReadA/Vrite 






w 1 

After reset 






0 

0 

0 

Function 






1: INT7 

Input 

enable 

1: INT6 

Input 

enable 

1: INT5 

Input 

enable 


INTn Input enable 


INTn Input disable 


INTn Input enable 


Setting of External interrupt Pin Functions 


Interrupt 

Pin Name 

Mode 

Setting Method 

m 

P34 


Falling edge 

IIMC<NMIREE> = 0 




Rising and falling edge 

IIMC<NMIREE> = 1 

INTO 

P50 

j~ 

Rising edge 

IIMC<I0LE> = 0,<I0IE> = 1 


Level 

IIMC<I0LE> = 1.<I0IE> = 1 

INTI 

P51 


Rising edge 

IIMC<I1EM> = 0 

"V 

Falling edge 

IIMC<I1EM> = 1 

INT2 

P52 

j~ 

Rising edge 

IIMC<I2EM> = 1 

INT3 

P53 

j~ 

Rising edge 

IIMC<I3EM> = 1 

INT4 

P72 

j~ 

Rising edge 

T4M0D <CAP12M1,0> = 0,0 or 0.1 or1.1 

"V 

Failing edge 

T4MOD<CAP12M1.0> = 1.0 

INT5 

P73 

_r 

Rising edge 

- 

INTO 

P66 

j~ 

Rising edge 

IIMC<l6llb = 1 

INT7 

P35 

j~ 

Rising edge 

IIMC<I7IIE> = 1 
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(3) High-Speed ^DMA Start Vector 

When the CPU reads the interrupt vector after accepting an 
interrupt, it sinnultaneously compares the interrupt vector with 
each channel’s jiDMA start vector (bits 4 to 8 of the interrupt 
vector). When both match, the interrupt is processed in ^DMA 


mode for the channel whose value matched. 

If the interrupt vector matches more than one channel, 
the channel with the lower channel number has a higher prior¬ 
ity. 


//OMAO Start Vector 


(read-modify-write is not possible.) 



(4) Notes 

The instruction execution unit and the bus interface unit of this 
CPU operate independently of each other. Therefore, if the instruc¬ 
tion used to clear an interrupt request flag of an Interrupt is fetched 
before the interrupt is generated, it is possible that the CPU might 
execute the fetched instruction to clear the interrupt request flag 


\A4iile reading the interrupt vector after accepting the inter¬ 
rupt. If so, the CPU would read the default vector OOAOH 
and start the interrupt processing from the address 
80A0H. 

To avoid this, make sure that the instruction used to 
clear the interrupt request flag comes after the Dl instruction. 
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3.4 Standby Function 

When the HALT instruction is executed, the TMP96C031 
enters RUN, IDLE, or STOP mode depending on the contents 
of the HALT mode setting register. 

(1) RUN: Only the CPU halts; power consumption remains 

unchanged. 

(2) IDLE: Only the built-in oscillator operates, while all other 

built-in circuits halt. Power consumption is 


reduced to 1/10 or less than that during normal 
operation. 

(3) STOP: All internal circuits including the built-in oscillator 
halt. This greatly reduces power consumption. 


The states of the port pins in STOP mode can be set as 
listed in Table 3.4 (1) using the I/O register WDMOD <DRVE> 
bit. 


WDMOD 

(005CH) 



7 

6 

5 

4 

3 2 

i 

1 

0 

Bit Symbol 

WDTE 

WDTP1 

WDTPO 

WARM 

HALTMI 1 HALTMO 

RESCR 

DRVE 

Read/Write 

R/W 

After reset 

1 

0 

0 

0 

0 0 

0 

0 

Function 

1:WDT 

Enable 

00; 
01 : 
10: 
11: 
Detect 

2'®/fc 

2'®/(c 

22°/fc 

2^2/(c 
ion time 

Warming up 
time 

0:2l®/fC 

1:2^*/fc 

standby mode 

00: RUN mode 

01: STOP mode 

10: IDLE mode 

11: Don’t care 

1: Connects 
watchdog 
timer 
output to 
RESET pin 
internally. 

1: Drive pin 
even in 

STOP 

mode. 


When STOP mode is released by other than a reset, the 
system clock output starts after allowing some time for warm¬ 
ing up set by the warming-up counter fro stabilizing the built-in 
oscillator. To release STOP mode by reset, it is necessary to 


allow the oscillator to stabilize. 

To release standby mode, a reset or an interrupt i s use d. 
To release IDLE or STOP mode, only an Interrupt by the NMI or 
INTO pin, or a reset can be used. The details are described 
below: 


Standby Release by Interrupt 


-Interrupt Level 

Standby Mode 

Interrupt Mask (IFF2 to 0) 

< Interrupt Request Level 

Interrupt Mask (IFF2 to 0) 

> Interrupt Request Level 

RUN 

Can be released by any interrupt. 

After standby mode is released, interrupt processing starts. 

Can only be released by INTO pin. 

Processing resumes from address next to HALT instruction. 

IDLE 

Can only be released by NMfor INTO pin. After standby mode 
is released, interrupt processing starts. 

T 

STOP 

T 

T 


Note 1: When releasing standby setting INTO to high level input mode, keep it high until interrupt processing starts. If the level drops to low, interrupt process¬ 
ing cannot be started correctly. 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-261 




















TMP96C031N/F 


TLCS-900 16-bit Microcontroller 


Table 3.4 (1) Pin States in STOP Mode 


Pin Name 

I/O 

DRVE»0 

DRVE»1 

ADO-ADZ 

ADO-7 

- 

- 

ADS-ADI 5 

ADS-15 

- 

- 

AS -15 

- 


P20-P27 

Input mode 

PD" 


Output mode/A16 - 23 

PD" 



Input mode 

PD" 

PD 

Output mode 

PD" 

Output 


Input mode 

PU" 

PU 


Output mode 

NMl 




Input mode 



Output mode 

PU" 

Output 


RAS 

Output 

Output 

P40-P42 (CS0-CS2) 

Output 

PU" 

Output 

P43(CS3/CAS) 

Output 

CAS 

PU" 

Output 

Output 

Output 

P50 (ANO/INTO) 

Input 

INTO 

Input 

Input 

Input 

P51 - P53 

Input 

- 

Input 

P60-P66 

Input mode 

- 

Input 

Output mode 

- 

Output 


Input mode 

- 

Input 

P67 (P13/WDT0UT) 

Output mode 

- 

Output 


WDTOUT 

Output 

Output 

P70-P76 

Input mode 

Output mode 

- 

w^m 

ALE 

Output 

"0” 

_ 

“0” 

CLK 

RpCCT 

Output 

BPUHBHHH 


Wr 

Output 



RD 

Output 

- 

“T Output 

ams/Ts 

Input 

Input 

Input 

X1 

Input 

- 

- 

X2 

Output 

“1” 

“1" 


Input for input mode/input pin is invalid: output mode/output pin is at high impedance. 

I^m Input enable state 

Input: Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant. 

Output: Output state 

PU; Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set. 

PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set. 

*: Input gate disable state. No through current even if the pin is set to high impedance. 


Note: Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., T01) and the output function 
is specified, whether pull-up or pull-down is selected depends on the output function data. If a pin is also used for an input function, whether pull-up or 
pull-down is selected depends on the port register setting value only. 
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3.5 Port Functions 

The input/output ports of the TMP96C031F consist of a total 
of 37 bits. 

In addition to general purpose input/output port func¬ 


tions, these port pins also function as input/outputs for internal 
CPU and built-in I/O. Table 3.5 (1) shows the function of each 
port pin. 


(R: T = With programmable pull-up resistor 

Table 3.5 (1) Port Function i = with programmable pull-down resistor) 


Port Name 

Pin Name 

Number of 
Pins 

Direction 

R 

Direction Setting Unit 

Pin Name for Built-in Function 

Port2 

P20to P27 

8 

Input/Output 


Bit 

A0toA7/A16toA23 

Ports 

P30 

1 

Input/Output 

t 

■■[■HIIIH 



P31 

1 

Input/Output 

t 




P32 

1 

Input/Output 

t 




P33 

1 

Inpul/Output 

t 




P34 

1 

Input/Output 

T 


R/W/RAS 


P35 

1 

Input/Output 

T 


RAS/INT7 

Port4 

P40 

1 

Output 

T 


CSO 


P41 

1 

Output 

T 


CS1 


P42 

1 

Output 

T 


CS2 


P43 

1 

Output 

T 


CS3/CAS 

Ports 

P50to P53 

4 

Input 

- 

(Fixed) 

AN0-AN3 

Porte 

P60 

1 

Input/Output 

- 

Bit 

PGOO/TxDO 


P61 

1 

Input/Output 

- 

Bit 

PGOVRxDO 


P62 

1 

Input/Output 

- 

Bit 

PG02/CTS0 


P63 

1 

Input/Output 

- 

Bit 

PG03/RSFH 


P64 

1 

Input/Output 

- 

Bit 

PG10 


P65 

1 

Input/Output 

- 

Bit 

PG11 


P66 

1 

Input/Output 

- 

Bit 

PG12/INT6 


P67 

1 

Input/Output 

- 

Bit 

PG13/WDT0UT 

Port/ 

P70 

1 

Input/Output 


Bit 

T01/r04 


P71 

1 

Input/Output 


Bit 

T02/DMUX 


P72 

1 

Input/Output 


Bit 

INT4/TI4 


P73 

1 

Input/Output 


Bit 

INT5/ri5 


P74 

1 

Input/Output 


Bit 

TxDI 


P75 

1 

Input/Output 


Bit 

RxD1 


P76 

1 

Input/Output 

■ 

Bit 

SCLK1 


3.5.1 Programmable Pull-up/Pull-down 

PORT2 has a built-in pull-down resistor and PORT3 and 
PORT4 have a built-in pull-up resistor. Normally, their load can 
be turned on or off from software by setting the value of the 
output latch (registers P2, P3, and P4) during input mode. 


They can also be set in stand-by (STOP) mode and the load 
can be turned on or off when the immediately preceding set¬ 
ting is the value of output latch in input mode or is the value of 
output data in output mode. 


Table 3.5 (2) Pull-up/down Function Setting 



Pull-up/down 

Programmable 

Setting 

Output latch 
Output data 

ON/OFF 

Normal 

Standby (STOP) mode 

P0RT2 (I/O) 

Pull-down 

0 

ON 

Setting enabled only in 
input mode 

Setting enabled in Input/ 
output mode 

1 

OFF 

P0RT3 (I/O) 

Pull-up 

0 

ON 

T 

T 

1 

OFF 

P0RT4 (Output) 

Pull-up 

0 

ON 

Setting disabled 

Setting enabled only In 
output mode 

1 

OFF 
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3.5.2 Bus Release Function used to stabilize bus control signal at bus release._ 

The pull-up/down function explained in section 3.5.1 is also Table 3.5 (2) shows pin states at bus release (BUSAK = 0). 


Pin Name 

Pin state at bus release 

Port mode 

Function mode 

AD0-AD15 

AD0-AD7 

(A8~A15) 

- 

Becomes high impedance. 

P20-P27 

{A16~23) 

No status change. 

(Does not become high impedance.) 

First sets all bits to low. then sets output buffer to off. 

Internal pull-down is added regardless to output latch 
value. 

RD 

WR 

- 

First sets all bits to high, then sets them to high impedance. 

P30(HWR) 

P34(R/W) 

No status change. 

(Does not become high impedance.) 

First sets all bits to high, then sets output buffer to off. 
Internal pull-down is added regardless to output latch 
value. 

P40(CS0) 

P41 (CS1) 

P42 (CS2) 

P43 (CS3) 

No status change. 

(Does not become high impedance.) 

First sets ail bits to high, then sets output buffer to off. 
Internal pull-down is added regardless to output latch 
value. 

P71 (MIX) 

P63(RFSH) 

No status change. 

(Does not become high impedance.) 

First sets all bits to high, then sets them to high impedance. 


No status change. 

(Does not become high impedance.) 

No status change. 

(Does not become high impedance.) 


Figure 3.5 (2) shows the external bus interface when the cannot be accessed when the bus is released, 
bus release function is in use. The internal I/O of this device 


Vcc 



AD bus 


Upper address bus 


System control 


Figure 3.5 (1). External bus interface example when bus release function is in use 
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3.5.3 Port 2 (P20 - P27) input mode and connects a pull-down resistor. 

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on addition to functioning as a general-purpose I/O port, 

bit basis using the control register P2CR and function register 2 also functions as an address bus (A16 to 23). 

P2FC. Resetting resets all bits of output latch P2, control regis¬ 
ter P2CR and function register P2FC to 0. It also sets Port 2 to 



Rgure3.5(2). Port 2 
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Port 2 Register 



7 ; 6 i 5 i 4 j 3 : 

2 1 1 i 0 

bit Symbol 

P27 P26 P25 P24 P23 

P22 P21 P20 

Read/Write 

R/W 

After reset 

Input mode (Output latch register is cleared to "O'.) 


Port 2 Control Register 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

P27C 

P26C 

P25C 

P24C 

P23C 

P22C 

P21C 

P20C 

ReadA/Vrite 

___J 

After reset 

°_ 

0 

0 

0 

0 

0 

0 


Function 

< < Pair P2CR with P2FC. See P2FC below. > > | 


P2FC 

(0009H) 


Port 2 Function Register 



Note: <P2XF> is bit X in register P2FC; <P2XC>; in register P2CR. 


Figure 3.5 (3). Registers for Port 2 
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3.5.4 Port 3 (P30 - P35) 

Port 3 is a 6-bit general-purpose I/O port. I/O can be set bit by 
bit using control registers P30RL and P30RH. Resetting sets 
all bits of P3 to 0; P30 to P35 to input mode and connects a 


pull-up resistor. In addition to functioning as a general-pur¬ 
pose I/O port, port 3 is also used for OPU control/status signal 
interrupt input, and timer I/O. 


Reset 



Figure 3.5 (4). Port3(P30) 
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H D -l/ Programmable ^ 
^ *‘^"VPUII-UD / 


Pull-up / 

U P31 (Wi^/TIO) 



Programmable 
Pull-up / 

H P32 (BUSRQ) 


Figure 3.5 (5). Port 3 (P31, P32) 
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Figure 3.5 (6). Port 3 (P33, P35) 
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(1) P34/NMI/R/W 

Port 34 is a general-purpose I/O p ort, shared with non¬ 
maskable interrupt input pin (NMI). The NMI pin is selected by 
the control register P3CRH <P34C1 ,P34 C0>. By setting 
<P34C1 ,P34C0> = <0,0>, it turns to the NMI input pin. Since 


the NMI pin is specified only once, the NMI pin cannot be 
switched to the general-purpose port. The <P34C1 ,P34C0> 
should be initialized to “0” by resetting in order to switch to the 
general-purpose I/O port mode. Port3 register (P34) is set to 
be “1 ” when the pull-up resistor is attached. 



Figure 3.5 (6). Port 3 {P33, P34) 
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Note: 


P3 

(0007H) 


Port 3 Register 



7 

6 

5 1 4 i 3 : 2 

1 0 

bit Symbol 



P35 P34 P33 P32 

P31 P30 

Read/Write 



ww 1 

After reset 



1 : 1 I 1 i 1 

’ i ■ 1 

Function 



Input mode (Pulled-up) 


Port 3 Control Register t 




7 6 

5 4 

3 2 

1 0 

P3CRL 

bit Symbol 

P33C1 ; P33C0 

P32C1 i P32C0 

P31C1 I P31C0 

P30C1 1 P30C0 

(OOOAH) 

Read/Write 

W 

W 

W 

W 


After reset 

0 0 

0 0 

0 0 

0 0 


Function 

00: PORT input 

01: PORT output 

10: 8USAK 

11: — 

00: PORT input 

01: PORT output 

10: BU$R0 

11; — 

00: PORT input 

01: PORT output 

10: — 

11: — 

00: PORT input 

01: PORT output 

10: T05 

11: HWR 




Port 3 Control Register H 




7 6 

5 4 

3 2 

1 1 : 0 

P3CRH 

bit Symbol 

RDEN i 


P35C1 1 P35C0 

i P34C1 i P34C0 

(OOOBH) 

Read/Write 

W 


W 

W 


After reset 

, 0 i 


0 0 

0 j 0 


Function 

1 : pseudo | 

SRAM •; 

EN 


00: PORT input 

01: PORT output 

10: Ms 

11: — 

00: PORT input 

01: PORT output 

10: NMi 

11:R/W 


Read-mod if y-write is 
prohibited for registers 
P3CRand P3FC. 


‘ RD function setting 


RD output only when externally accessed 


Always RD output (for pseudo SRAM) 


Setting P3CRH<RDEN> to 1 outputs RD strobe (for 
pseudo static RAM) even when accessing the internal 
address area. Resetting to 0 outputs RD strobe only 
when the external area is accessed. 


Figure 3.5 (8). Port 3 Registers 


There is no port/fu nction switch register for pin P31 0'10/WAIT). For example, if pin P31 is used as an input port, data are input to 8-bit timer 0. If pin 
P31 is used as the WAIT pin, set P3CRL <P31 C1.0) > to 00, and bits 3 and 2 <BXW1,0> in the chip select/wait control register to 10. 

If pin P35 (RAS/INT7) is used as the INT7 pin. set P3CRH <P35C1,0) to 00 and <171 E> to 1. 
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3.5.6 Port 4 (P40 - P43) 

Port 4 is a 4-bit output dedicated port. Port 4 is also used for 
chip select CSO - CSS outputs and column address strobe 
CAS (CSS only) output. To select the function to be used, use 


function register P4FC. Resetting sets the output register for 
P40, P41, and P42 to 1; the output register for P42 to 0; all bits 
in the function register to 0. P40, P41, and P4S are set to out¬ 
put ports for outputting 1; P42 to output port for outputting 0. 



Figure 3.5 (9). Port 4 (P40, P41, P43) 
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Figure 3.5 (10). Port 4 (P42) 


Port 4 Register 



7 

6 

5 

4 

3 i 2 i 1 j 0 

bit Symbol 





P43 P42 P41 P40 

Read/Write 





R/W 

After reset 





1 ; 0 1 1 : 1 

Function 





Output mode 


Port 4 Function Register 


P4FC 

(OOlOH) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

BUSWDT 




P43F 

P42F 

P41F 

P40F 

Read/Write 

W 




W 

After reset 

0 




0 

0 

0 

0 

Function 

0: BUSRQ 

DIS 

1: BUSRQ 

EN 




0: PORT 

1; CS3 

/CAS 

0: PORT 

1: CS2 

0: PORT 

1: 

0: PORT 

1; CSO 


Explained in section 3.12, Watchdog timer. 


P4FC is disabled for read-modify-write. 


Figure 3.5 (11). Registers for Port 4 


P4FC is disabled for read-modify-write. 

Note: To select the function to be used for P43, use the BSCS register for the chip select/wait controller. 
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3.5.6 Port 5 (P50 - P53) analog inputs or external interrupts. 

Port 5 is a 4-bit input dedicated port which is also used for 



Figure 3.5 (11). Port 5 (P50, P51, P52, P53) 


Port 5 Register 



7 

6 

5 

4 

3 

2 

1 0 

bit Symbol 





P53 

P52 

P51 P50 

Read/Write 





R 

Function 





Input mode 


Note : There is no input switch register for ANO-3/lNTO*3; data are input to both. 

When port 5 is used for INTO-5, set interrupt input mode control registers 0 and 
1, IlMCOand 1<101E-131E>.to 1. 

When port 5 is used as the input channel for the A/D converter, set the A/D 
converter mode register, ADMOD. 


Figure 3.5 (12). Register for Port 5 
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3.5.7 Port 6 (P60 - P67) 

Port 6 is an 8-bit port. I/O can be set bit by bit. In addition to 
functioning as an I/O port, pins P60 to P67 function as follows: 
P60 - P63/P64 - P67: pattern generate PG0/PG1 output 
P60: serial channel TxDO output pin and programmable 
open drain function. 

P61: serial channel RxDO output pin 
P62: serial channel CTSO output pin 


P63: DRAM controller refresh signal pin 
P66; external interrup t requ est input INT6 pin 
P67: watchdog timer WDT output pin. Set using port 6 con¬ 
trol registers. P6CRL and P6CRH. 

Resetting sets control registers P6CRL and P6CRH to 0; all 
bits to input mode. 


Reset 



Figure 3.5 (13) Port 6 (P60, P67) 
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Figure 3.5 (14). Registers for Port 6 {P61, P62, P66) 



Figure 3.5 (15). Port 6 (P63, P64, P65) 
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P6 

(0012H) 


Port 6 Register 



7 6 

5 

4 ; 3 i 2 

1 0 

bit Symbol 

P67 P66 

P65 

P64 P63 P62 

P61 P60 

ReadA/Vrite 

R/W 

After reset 

Input mode 

Function 

1 1 

1 

1 : 1 ; 1 

’ i vJ 


Port 6 Control Register L 



7 6 

5 4 

3 2 

1 0 

bit Symbol 

P63C1 : P63C0 

P62C1 ; P62C0 

P61C1 i P61C0 

P60C1 : P60C0 

Read/Write 

W 

W 

W 

W 

After reset 

0 0 

0 0 

0 0 

0 0 

Function 

00: PORT input 

01: PORT output 

10: PG03 

11: R^FSH 

00: PORT input 

01: PORT output 

10: PG02- 

11: — 

00: PORT input 

01: PORT output 

10: PG01 

11: — 

00: PORT input 

01: PORT output 

10: PGOO 

11: TXDO 


P6CRH 

(0016H) 


Port 6 Function Register H 



7 6 

5 4 

3 2 

1 : 0 

bit Symbol 

P67C1 : P66C0 

P66C1 ! P66C0 

P65C1 i P65C0 

P64C1 : P64C0 

ReadAA^rite 

W 

W 

W 

W 

After reset 

0 0 

0 0 

0 0 

0 0 

Function 

00: PORT input 

01: PORT output 

10:PG13 

11: WDTOUT 

00: PORT input 

01: PORT output 

10: PG12 

11: — 

00: PORT input 

01: PORT output 

10: PG11 

11: — 

00: PORT input 

01: PORT output 

10; PG10 

11: — 


Read-modify-write is prohibited for registers P6CR and P6FC. 


Note: To set the TXDO pin to open drain output, write 1 in bit 0<ODE0> in the ODE register. 

There is no port/function switch register for pin P61/RXD0. If pin P61 is used as an input port, 
data are input as serial receive data to SIO. When pin P66/PG12/INT6 is used for 1NT6, set 
P6CRH<P66C1.0> to 00 and IIMC1 < 161E> to 1. 


Figure 3.5 (16). Registers for Port 6 
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3.5.8 Port 7 {P70 - P76) 

Port 7 is a 7-bit general-purpose I/O port. I/O can be set bit by 
bit using control registers P70RL and P70RH. Resetting sets 
ail bits in P7 to 1; control registers P70RL and P70RH to 0; 


P70 - P76 to input mode. In addition to functioning as a gen¬ 
eral-purpose I/O port, port 7 as follows: interrupt input, timer 
I/O, DRAM address multiplex, serial channel send/receive 
(TXD1 and RXD1), and transfer clock input (SOLK1) pin. 


Reset 



Figure 3.5 (17). Port 7 (P70, P71) 
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Figure 3.5 (18). Port 7 (P72, P73, P75) 


Reset 



Figure 3.5 (19). Port 7 (P74) 
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Figure 3.5 (20). Port 7 (P76) 
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P7 

(0013H) 


P7CRL 

(0015H) 


Port 7 Register 



7 

6 

5 

4 

3 

2 i 1 i 0 

bit Symbol 


P76 

P75 

P74 

P73 

P72 P71 P70 

Read/Write 


R/W 

After reset 


Input mode 

Function 


1 

1 

1 

1 

_^i ^ ’_I 


Port 7 Control Register L 



7 6 

5 4 

3 2 

1 0 

bit Symbol 

P73C1 ; P73C0 

P72C1 1 P72C0 

P71C1 1 P71C0 

P70C1 : P70C0 

Read/Write 

W 

W 

W 

W 

After reset 

0 0 

0 0 

0 0 

0 0 

Function 

00; PORT input 

01: PORT output 

10; — 

11; — 

00; PORT input 

01; PORT output 

10; — 

11: — 

00; PORT input 

01: PORT output 

10: T03 

11: DMUX 

00: PORT input 

01: PORT output 

10: T01 

:11: T04 


P7CRH 

(0017H) 


Port 7 Control Register H 



7 

6 

5 4 

3 2 

1 0 

bit Symbol 



P76C1 ; P76C0 

P75C1 : P75C0 

P74C1 : P74C0 

ReadAft/rite 



W 

W 

W 

After reset 



0 0 

0 0 

0 0 

Function 



00: PORT input 

01: PORT output 

10:SCLK1 

11: — 

00: PORT input 

01: PORT output 

10: — 

11: — 

00: PORT input 

01: PORT output 

10: TxDI 

11: — 


Read-modify-write is prohibited for registers P7CR and P7FC. 


Note :To set the TxDI pin to open drain output, write 1 in the 1 <ODE1 > in the ODE 
register. 

There is no port/function switch register for pin P75/RXD1. If pin P75 is used as 
an input port, data are input as serial receive data to SIO. There is no 
port/function switch register for pin P72/T14/INT4 or pin P73/T15/INT5. If pin P72 
or P73 is used as an input port, data are input to the 16-bit timer. When pin 
P72/P73 is used for INT4/5. set P7CRL<P73C1,0> to 00 and 
nMC0<141E>/nMC1<151E>to 1. 


Figure 3.5 (21). Registers for Port 7 
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3.6 Chip Seiect/Wait Control 

The TMP96C031F has a b uilt-in c hip se lect/wait c ontroll er 
used to control chip select (CSO - CSS pins), wait (WAIT pin), 
and data bus size (8 or 16 bits) for any of the three block 

address areas. _ 

The select pin (AM8/16) is used to select the width of the 
external data bus. (See section 3.1.2, External data width 
select pin.) 


3.6.1 Control Registers 

Table 3.6 (1) shows control registers 

The block address areas is controlled by corresponding 
CS/wait control register (BOGS, B1CS, B2CS, B3CS) and start 
address register/address mask register (explained in section 
3.6.2, Address area). 

Registers can be written to only when the CPU is in sys¬ 
tem mode. (There are two CPU modes: system and normal.) 
The reason is that the settings of these registers have an 
important effect on the system. 


Table 3.6 (1) Chip Seiect/Wait Control Register 


BOCS 

(0068H) 


B1CS 

(0069H) 


B2CS 

(006AH) 


B3CS 

{006BH) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

BOE 

BOSYS 

BOARE 

BOBUS 

B0W1 

BOWO 

BEXW1 

BEXWO 

Read/Write 

W 1 

After reset 

0 

0 

0 

0 

0 0 

0 0 

Function 

0: ^ 

DIS 

1: ^ 

EN 

1: SYSTEM 

ONLY 

0: 7FOOH 

~7FFFH 

1: address 

area 

specifi¬ 

cation 

0: 16BIT 

1; 8BIT 

00: 2WAIT 

01: 1WAIT 

10: IWAIT + n 

11: OWAIT 

00: 2WAIT 

01: 1WAIT 

10: IWAIT + n 

11: OWAIT 

bit Symbol 

B1E 

B1SYS 

B1ARE 

BIBUS 

B1W1 

B1W0 



Read/Write 

._ _____ 



After reset 

0 

0 

0 

0 

0 

0 



Function 

0: CTf 

DIS 

1:CST 

EN 



0: BOH 

~7FFFH 

1: address 

area 

specifi¬ 

cation 





- 

- 

bit Symbol 

B2E 

B2SYS 

B2ARE 

B28US 

B2W1 

B2W0 



Read/Write 

W 



After reset 

1 

0 

0 

Undefined 

0 0 



Function 

0:CS2 

DIS 

1:CS2 

EN 



0:8000H 

~ 3FFFFFH 

1: address 

area 

specifi¬ 

cation 





- 

- 

bit Symbol 

B3E 

B3SYS 

B3ARE 

B3BUS 

B3W1 

B3W0 

B3CAS 

SRFC 

Read/Write 

w 1 

After reset 

0 

0 

0 

0 

0 0 

0 

1 

Function 

0:^/ 

CASDI 

1: cTa/ 

^EN 



0; Un¬ 
defined 

1: address 

area 

specifi¬ 

cation 





0:C^ 

output 

1:0^ 

output 

0: Self 

refresh 

execu¬ 

tion 

1: Release 


MCU900-282 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 








































TLCS-900 16-bit Microcontroller 


TMP96C031N/F 


(1) Enable 

Control register bit 7 (BOE, B1E, B2E, and BSE) is a 
master bit used to specify enable “1 ”)/disable “0” of 
the setting. 

Resetting sets BOE, B1E, and BSE to disable “0” and 
B2E to enable “1". 


(2) System only specification 

Control register bit 6 (BOSYS, B1SYS, B2SYS, and 
BSSYS) is used to specify enable/disable of the setting 
depending on the CPU operating mode (system or nor¬ 
mal). Settiing^this bit to 0 enables setting (Address 
space for CS, Wait state, Bus size, etc.) regardless of 
the CPU operating mode; setting it to 1 enables setting 
in system mode but disables setting in normal mode. 
Resetting clears bit 6 to 0. 

Bit 6 is mainly used when external memory data 
should not be accessed in normal mode (i.e., for sys¬ 
tem mode only memory data for the operating system). 


(3) Address area specification 

Control register bit 5 (BOARE, B1ARE, B2ARE, and 
B3ARE) is used to specify the target addre ss space. 
When this bit is set to “0” af ter re set, CSO is set to 
addresses 7F0 0H to 7FFFF, CS1 is set to address 80H 
to 7FFFI -I, an d CS2 is set to addresses 8000H to 
3FFFFF. CS3 is undefined. (See 3.6.3 Default Address 
Space Specification.) When this bit is set to “1”, the 
target address is the address space is the address 
space specified by the memory start address register 
MSAR and memory start address mask register 
MAMR. (See 3.6.2 Address Space Specification.) 

(4) Data bus width select 

Control register bit 4 (BOBUS, B1 BUS. B2BUS, 
B3BUS) is used to specify the data bus width. When 
this bit is set to “0", memory is accessed in 16-bit data 
bus mode. When this bit is set to “1 ”, memory is 
accessed in 16-bit data bus mode. However, this bit is 
valid only in 16-bit b^ mode (AM8/16 pin = “0”). In 8- 
bit bus mode (AM8/16 pin = “1 ”), all address space is 
accessed in 8-bit data bus mode regardless of the 
value of this bit. (See 3.1.2 External Data Bus Width 
Selection Pin.) 

The changing data bus width according to the address 
to be address to be accessed is referred to dynamic 
bus sizing. Table 3.6 (2) shows the details of the bus 
operation. 
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Table 3.6 (2) Dynamic Bus Sizing 


Operand 

Operand 

Memory 

CPU Address 

CPU Data 

Data Size 

Start Address 

Data Size 

D15-D8 

D7-D0 

8-bit 

2n + 0 

8-bit 

2n + 0 

xxxxx 

b7-b0 

(even number) 

16-bit 

2n + 0 

xxxxx 

b7-b0 


2n + 1 

8-bit 

2n + 1 

xxxxx 

b7-b0 


(odd number) 

16-bit 

2n + 1 

b7-b0 

xxxxx 


2n + 0 

8-bit 

2n + 0 

2n + 1 

xxxxx 

xxxxx 

b7-b0 

b15-b8 


(even number) 

16-bit 

2n + 0 

b15-b8 

b7-b0 

16-bit 

2n + 1 

8-bit 

2n + 1 

2n + 2 

xxxxx 

xxxxx 

b7-b0 

b15-b8 


(odd number) 

16-bit 

2n + 1 

2n + 2 

b7-b0 

xxxxx 

xxxxx 

b15-b8 




2n + 0 

xxxxx 

b7-b0 




2n + 1 

xxxxx 

b15- b8 


2n + 0 

(even number) 

8-bit 

2n + 2 

2n + 3 

xxxxx 

xxxxx 

b23-b16 

b31-b24 


16-bit 

2n + 0 

b15-b8 

b7- bO 


32-bit 


2n + 2 

b31-b24 

b23-b16 




2n + 1 


b7- bO 



xxxxx 




2n + 2 

xxxxx 

b15- b8 


2n + 1 

(odd number) 

8-bit 

2n + 3 

2n + 4 

xxxxx 

xxxxx 

b23-b16 
b31 - b24 



2n + 1 

b7-b0 

xxxxx 




16-bit 

2n + 2 

b23-b16 

b15- b8 



2n + 4 

xxxxx 

b31 - b24 


xxxxx: During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active. 
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(5) Wait control 

Control register bits 3 and 2 (B0W1,0; B1W1.0; B2W1, 
0; B3W1,0) are used to specify the number of waits. 
Setting th ese bit s to 00 inserts a 2-state wait regard¬ 
less of the WAIT pin status. Set ting th em to 01 inserts 
a 1 -state wait regardless of the WAIT status. Setting 
them to 10 inserts a 1 -state wait and samples the 
WAIT pin status. If the pin is low, inserting the wait 
maintains the bus cycle until the pin goes high. Setting 
them to 11 com pletes the bus cycle without a wait 
regardless of the WAIT pin status. 

Resetting sets these bits to 00 (2-state wait mode). 

Note: If there ia a contention between DRAM access 
and refresh when using DRAM, the refresh 
cycle is added to the specified wait. 


(6) CS/CAS waveform select 

The B3CS register bit 1 <B3CAS> is used to specify 
the mode of th e waveform output from the chi p sel ect 
pin (CS3/CAS) pin. When this bit is set to *‘0’\ CS3 
waveform is output. When it is set to “1 ”, CAS wave¬ 
form is output. This bit is cleared to zero after reset. 

(7) Self refresh control 

(described in section 3.13.1 Refresh Controller.) 

(8) Walt control outside space CSO to CS3 

This bit is used to specify the number of waits when 
BOG S reg ist er bit s 1 and 0 <BEXW1,0> or space out¬ 
side CSO to CS3 is accessed. 
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3.6.2 Address Space Specification (BOCS to BSCS 
<B0AREto B3ARE> = “1”) 

The address space is specified with the start address register 
(MSARO, MSAR1, MSAR2, and MSAR3) and address mask 
register (MAMRO, MAMR1, MAMR2, and MAMR3). For each 
bus cycle, the chip select controller compares the address on 


the bus and value of this start address register. The value of 
the address mask register is used to ignore result of this 
address comparison. When there is a match, the specified 
space is assumed to be accessed and a low s trobe si gnal i s 
output from the corresponding chip select pin (CSO to CS3) if 
it is enabled (BOB to B3E = “1 ”). 
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Figure 3.6 (1). Chip Select (CSO to CSS) Operation Timing 
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A8~A23 



Start address mask register Start address register 


Figure 3.6 (4). CS2, CS3 Address Decode Block Diagram 


(1) Memory start address register Memory start address register 


Table 3.6 (3) Memory Start Address Register 


Memory start address register (CSO to CS3) 


MSARO MSARl 
(0040H) / (0042H) 

MSAR3 
(0046H) 


MSAR2 

(0044H) 
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Table 3.6 (4) Memory Start Address Mask Registers 


Memory start address mask register (CSO) 


MAMRO 
(0041H) 



7 6 

5 : 4 : 3 ; 2 : 1 

0 

bit symbol 

V20 V19 

via V17 V16 V15 i V14~-9 i 

V8 

ReadAA/rite 

RAN 1 

After reset 

1 1 

1 i 1 : 1 ; 1 i 1 


Function 

0 ; Compare enabled 1 : Compare disabled | 


Control comparison of CSO addresses A8 
toA20 


Memory start address mask register (C51) 


MAMR1 
(0043 H) 



7 

6 

5 

4 

3 i 2 i 1 

0 

bit symbol 

V21 

V20 

V19 

Via 

V17 V16 j V15~9 

V8 

Read/Write 

RAN 1 

After reset 

’ 

1 

1 

1 

1 ; 1 : 1 


Function 

0 : Compare enabled 1 : Compare disabled | 


!_► Control comparison of CS1 
addresses A8 to A21 


Memory start address mask register (CS2, CS3) 


MAIV1R2 

(0045H) 


MAMR3 

(0047H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit symbol 

V22 

V21 

V20 

V19 

Via 

V17 

V16 

V15 

Read/Write 

RAN 1 

After reset 

, 

1 

1 

1 

1 

1 

1 


Function 

0 : Compare enabled 1 : Compare disabled | 


U. Control comparison of CS2 to CSS 
add resses A15 to A22 
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MSARO to 3 < S23> to <S16> correspond to addresses 
A23 to A16 and S15, S14 to 9, and S8 corresponding to 
addresses A15, A14, to 9, and A8 are “0” by default. MAMRO 
<V20> to <V8> enable/disable comparison of value set with 
MSARO and address and <V20> to <V8> correspond to 
<S20> to <S16>, S15, S14 to 9, and S8. In addition, V21, 
V22, and V23 corresponding to <S21>, <S22>, and <S23> 
are “0” by default and comparison is always enabled. 

Exam ple of enabling/disabling comparison 
(CSO registers MSARO and MSAMRO) 

When comparison is disabled by setting <V16> = 1, the 
comparison of the value of <S16> and address A16 is dis¬ 
abled and the value of <S16> becomes invalid. 

When comparison is enabled by setting <V16> = 0, the 
comparison of the value of <S16> and address A16 is 
enab led a n d CS O is enable d only when they match. 

CS1, CS2, and CSS can be used in the same manner. 


(2) How to the Start Address 

The address decoder is output by specifying the start address 
for CS output and the space size. 

The start address is set every 64K-byte because it is 
decoded by A16 to A23 as shown in the block diagram. 

In other words, the DRAM start address is set to one of 
the 64K-byte intervals after “OOOOOOH”. 

However, note that the start address may be changed 
due to the value of the MAMR. 


Address 

OOOOOOh 


64K-byte 

unit 


Start address 



Start address register value (MSARO to 3) 

. OOh 

. OIh 

. 02h 

. 03h 

. 04h 

. 05h 

. 06h 

5 

. FFh 


Figure 3.6 (5). Where to Set Start Address 
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(3) How to Set the Address Space 

The address space is specified by setting the memory start 
address mask register (MAMRO to 3). 


As sho wn in the ad dre ss decode r block diagram (Figures 
3.6 (2) to (4)), CSO, CS1, or CS2/CS3 can specify the address 
area for which the chip select signal can be output depending 
on whether to compare the address A8 to A20, A8 to A21, or 
A15 to A22 respectively. 


\SIZE 

256 

512 

32K 

64K 

128K 

256K 

512K 

IM 

2M 

4IVI 

8M 


o 

o 

o 

o 

o 

o 

o 

o 

o 




o 

o 


o 

o 

o 

o 

o 

o 

o 





o 

o 

o 

o 

o 

o 

o 

o 

o 




o 

o 

o 

o 

o 

o 

0 

o 

o 


Figure 3.6 (6). Chip Select and Space Size 


(4) Start Address/Address Space Setting Procedure 

0 Set memory start address mask register (MAMR) 

(Set address space) 

(D Set memory start address register (MSAR) 

(Set area start address) 

0 Check the identical address bit of MAMR and MSAR 

Example: Check the value of (CSO) MAMRO <V16> 
and MSARO <S16> 

® If the bits at identical address are “1 ” and “1 ”, MSAR bit 
is treated as “0”. <-The start address changes. 

Example: If (CSO) MAMR <V16> = 1 and MSAR 
<S16> = 1, comparison of address A16 
and <S16> is disabled and address A16 is 
selected regardless of whether the value is 
“1 ” or “0” and the start address is replaced 
by the value in MSAR. 

® If it is OK for the start address to change, end the set¬ 
ting procedure. If not, change the value to MSAR. 


(D Reset MSAR and re-verify (return to step 3). 

(Setting Example) 

When address space is 128K-byte and start address is 
30000H (area 30000H to4FFFFH). 

Set 

MAMR = OFH address space 128K-byte 
MSAR = OSH start address 30000H 

MAMR <V16> and MSAR <S16> are “1” and “1 ” and the 
start address changes to 2000H. (space 20000H to 
3FFFFH). 

If this is not desired, change the start address. 

Change the start address to 4000H. (space 40000H to 
5FFFFH). 

MAMR = OFH 
MSAR = 04H 

The bits at identical address of MAMR and MSAR are not 
“1 ” and “1 ” and the start address remains unchanged. 
Therefore, a 128K-byte space starting at address 
40000H can be decoded. 
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(Setting example 1) (CSO) 

When MSAR is set to 02H and MAMR is set to OFH, the 


chip select output is as shown in the following memory map. 


MSAR setting 


MAMR setting 


S23 

S22 

S21 


S20 

S19 

S18 

S17 

S16 

S15 

S14~9 

58 

I 0 

I 0 

i 0 

E 

» 1 

° 1 

» 1 

’ 1 

0 f 

0 

!! 0 !! 

0 1 











default "0" 


V23 

V22 

V21 


V20 

V19 

V18 

V17 

V16 

V15 

V14~9 

V8 _ 

i 0 

I! 0 

1! 0 


0 

1 

]_T_ 


1 < 1 

1 

1 < 1 

ZD 


default "0" 


S23 to S17 are valid because V23 to V17 = “0” and S16 are invalid because V16 to V8 = “1 



Chip select output space 
{128K-byte) 
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(Setting example 2) (CSO) 


chip select output is as shown in the following memory map. 


When MSAR is set to 01H and MSAR is set to 04H, the 


MSAR setting 


MAMR setting 


S23 

S22 

S21 


S20 

S19 

S18 

S17 

S16 


SIS 

S14~9 

S8 

L7..j 

1 0 

1 0 

1 

0 1 

0 1 

0 1 

0 1 

1 

};■ 

0 

!! 0 !! 

0 i 












default "0" 


V23 

V22 

V21 


V20 

V19 

V18 

V17 

V16 


V15 

V14-9 

V8 

! 0 1 

1 0 

!! 0 


0 

1 0 

1 0 

1 0 

l_L 

I 

1 

1 ° 1 

_oJ 


default "0* 


The values of S23 - SI 6, and SI 4-S8 become valid becomes invalid because VI5 = 1. 

because V23 to VI6 = 0 and VI4 - V8 = O.The value of SI 5 



Chip select output space 
(128K-byte) 
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(Setting example 3) (CSO) MAMR (excerpt). 

Space where chip select is output by values set in MSAR and 


fflXSBSSI 

— 

00 

01 

03 

04 


0000 

0000 

0000 

0000 8000 


OOFF 

01FF 

7FFF 

OOFF 80FF 


(256-byte) 

(512-byte) 

(32K-byte) 

(256-byte X 2) 


10000 

■BBI 

■ESH 

10000 18000 

01 

lOOFF 

101FF 

17FFF 

100FF 180FF 


(256-byte) 

(512-byte) 

(32K-byte) 

(256-byte X 2) 


20000 

20000 

20000 

20000 28000 

02 

200FF 

201FF 

27FFF 

200FF 280FF 


(256-byte) 

(512-byte) 

(32K-byte) 

(256-byte X 2) 


30000 

30000 

30000 

30000 38000 

03 

300FF 

301FF 

37FFF 

300FF 380FF 


(256-byte) 

(512-byte) 

(32K-byte) 

(256-byte X 2) 


MAMR\. 

03 

07 

OF 

IF 

3F 

7F 

FF 


40000 

40000 

40000 

40000 

00000 



04 

47FFF 

(32K-byte) 

4FFFF 

(64K-byte) 

5FFFF 

(128K-byte) 

7FFFF 

(256K-byte) 

7FFFF 

(512K-byte) 

00000 



80000 

80000 

80000 

80000 

80000 

FFFFF 

000000 

08 

1 

87FFF 

(32K-byte) 

1 

8FFFF 

(64K-byte) 

1 

9FFFF 

(128K-byte) 

1 

BFFFF 

(256K-byte) 

1 

FFFFF 

(512K-byte) 

(IM-byte) 

1 

1FFFFF 
(2M-byte) 


100000 

100000 

100000 

100000 

100000 

100000 

10 

107FFF 

(32K-byte) 

10FFFF 

(64K-byte) 

11FFFF 

(128K-byte) 

13FFFF 

(256K-byte) 

17FFFF 

(512K-byte) 

1FFFFF 

(IM-byte) 



200000 

200000 

200000 

200000 

200000 

200000 

j 

200000 

1 { 

20 

207FFF 

(32K-byte) 

20FFFF 

(64K-byte) 

21FFFF 

(128K-byte) 

23FFFF 

(256K-byte) 

27FFFF 

(512K-byte) 

2FFFFF 

(IM-byte) 

3FFFFF 

(2M-byte) 


400000 

400000 

400000 

400000 

400000 

400000 

400000 

40 

407FFF 

(32K-byte) 

40FFFF 

(64K-byte) 

41FFFF 

(128K-byte) 

43FFFF 

(256K-byte) 

47FFFF 

(512K-byte) 

4FFFFF 

(IM-byte) 

5FFFFF 

(2M-byte) 


800000 

800000 

800000 

800000 

800000 

800000 

800000 

80 

807FFF 

(32K-byte) 

80FFFF 

(64K-byte) 

81FFFF 

1 (128K-byte) 

83FFFF 

(256K-byte) 

87FFFF 

(512K-byte) 

8FFFFF 

(IM-byte) 

9FFFFF 

(2M-byte) 


MCU900-294 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 







TLCS-900 16-bit Microcontroller 


TMP96C031N/F 


3.6.3 Default Address Space Specification (BOGS to 
B2CS < BOARE to B2ARE> = “0”) 

The following figures show th e actu al chip select image. CSO 
can spec ify 7F00H to 7FFFH, CS1 can specify 80H to 7FFFH, 
and CS2 can specify 8000FI to 3FFFFFH. This is because 
external connection of devices (such as RAM or I/O) other than 

ROM is considered. _ 

The area 7F00 to 7FFFH (256-byte space) for CSO is 


mapped in this space mainly due to external I/O expansion 
consideration. 

Th e area 80H to 7FFFH (approximately 32K-byte space) 
for CS1 is mapped in this space mainly due to external RAM 
expansion consideration. 

The area 8 C)00H to 3FFFFFH (approximately 4M-byte 
space) for CS2 is mapped in this space mainly due to external 
ROM expansion consideration. 


CSO CS1 CS2 


7F00H 


80H 



8000H 


8000H 


8000H 

i 





3FFFFFH 

I 1 

FFFFFFH 


FFFFFFH 


FFFFFFH 



(Mainly for I/O) 


(Mainly for RAM) 


(Mainly for ROM) 


Supplement 1: The access priority is in th e ord er of bu ilt-in I/O and chip select/wait controller. _ 

Supplement 2: Wait for spaces other than CSO to CSS is set with BOGS register <BEXW1,0> and the data bus width is fixed to 16-bit if the AM8/16 pin is “0” 
and to 8 bits if it is “1 

Note: When usin g the chip select/wait controller, do no t assi gn multiple definitions to the same address area. (However, if CSO is set to 7F000H to 

7FFFH and CS1 is set to 80H to 7 FFFH, only th e CSO setting/pin is active in the overlapped address space 7F00H to 7FFFH.) 

When the bus is opened (BUSAK = “0”), CSO to CS3 pins are also opened (output buffer OFF). Refer to the note on bus open in section “3.5 
Port Functions” for the pin status at this point. 
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3.6.4 Example of Usage Figure 3.6 (6) is an example (1) in which an external 

memory is connected to the TMP96C031F. In this 
(1) Connection example 1 example, a ROM is connected using 16-bit Bus; a 

RAM is connected using 8-bit Bus. 



Figure 3.6 (7). Example of External Memory Connection (ROM = 16-bit, RAM and I/O = 8-blt) 


After a reset, the CSO- CSS pins are se t to out put p ort The program used to set these pins is as follows: 

mode; 1 is output from CSO, CS1, and CSS; 0 from CS2. 
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P4FC 

EQU 

10H 


BOCS 

EQU 

68H 


B1CS 

EQU 

69H 


B2CS 

EQU 

6AH 


B3CS 

EQU 

6BH 


MSAR3 

EQU 

46H 


MAMR3 EQU 

47H 


LD 

(BQCS), 

10010000B 

^ = 8-bit. 2WAIT. 7F00H ~ 7FFFH. 2WAIT other than in CSO ~ CS3 areas 

LD 

(B1CS), 

100111XXB 

8-bit. 0WAIT,80H~7FFFH 

LD 

(B2CS), 

100001XXB 

CS2 = 16-bit. 1 WAIT. 8000H ~ 3FFFFFH 

LD 

{B3CS). 

10111100B 

CS3 = 8-bit. OWAIT, address area specification (400000H - 407FFFH) 

LD 

(MSAR3), 

01000000B 

CS3 start address: 400000FI 

LD 

(MAMR3). 

OOOOOOOOB 

area = 32K-byte 

LD 

(P4FC). 

XXXX1111B 

^~CS3 output mode 

Note: 

X: don’t care 




(2) Connection example 2 

Figure 3.6 (7) is an example (2) in which an external 


memory is connected to the TMP96C031. In this 
example, the ROM, RAM, and I/O are connected with 
8-bit width. 



Figure 3.6 (8). Example of External Memory Connection (ROM = 16-bit, RAM and I/O = 8-bit) 
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After a reset, the CSO - CS3 pins are se t to out put p ort The program used to set these pins is as follows: 

mode; 1 is output from CSO, CS1, and CSS; 0 from CS2. 


P4FC 

EQU 

10H 


BOGS 

EQU 

68H 


BIGS 

EQU 

69H 


B2GS 

EQU 

6AH 


B3GS 

EQU 

6BH 


MSAR3 

EQU 

46H 


MAMR3 

EQU 

47H 


LD 

(BOGS), 

10010000B 

= 8-bit, 2WAIT, 7F00H ~ 7FFFH, 2WAIT other than in^ ~ CS3 areas 

LD 

(B1GS), 

100111XXB 

8-bit, 0WAiT,80H~7FFFH 

LD 

(B2GS). 

100001XXB 

CS2 = 16-bit. 1WAIT, 8000H ~ 3FFFFFH 

LD 

{B3GS), 

10111100B 

CS3 = 8-bit, OWAIT, address area specification (400000H ~ 407FFFH) 

LD 

(MSAR3). 

01000000B 

CS3 start address: 400000H 

LD 

(MAMR3), 

OOOOOOOOB 

CS3 area = 32K-byte 

LD 

(P4FG), 

XXXX1111B 

CSO ~CS3 output mode 

Note: 

X: don’t care 
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3.6.5 How to Start with an 8-Bit Data Bus 
(with AM8/i6 = “0”) 


Resetting sets the CS2 pin low due to an internal pull-down 
resistor; memory access starts in 16-bit data bus (2-wait) 
mode. To start in 8-bit data bus mode, a special operation is 
required. Operation is as described in the example below: 


EQU 

6AH 

; CS2 register address 

ORG 

8000H 

: RESET address 

LDX 

(B2CS). 9CH 

;CS2 8-bit. OWAIT.SOOOH- 


After reset, the program reads the LDX (B2CS), 9CH 
instruction in 16-bit data bus mode. LDX is a 6-byte instruc¬ 
tion: the 2nd, 4th and 6th bytes are handled as dummies (i.e., 
only codes in the 1st, 3rd and 5th bytes are actually used). 
Even if starting in 8-bit data bus mode, it is possible to pro¬ 
gram so that the LDX instruction is executed and the block 2 


area (80CX)H - 3FFFFFH) is accessed in 8-bit data bus mode 
without any problem. 

_The above program does not include setting the P42/ 

CS2 pin to output; add a program to set the P4CR and P4FC 
registers as required. 


Address latch ROM 



Operation after reset 


TLCS-900 ROM 


8000H 

F7 

- 

F7 

•N 

8001H 

?? 

?? 

00 


8002 H 

6A 


6A 


8003H 

?? 


00 


8004H 

9C 


9C 


8005H 

?? 

-*-?? 

00 



k' "N- J 


L — 



LDX (6AH),9CH 


?? = don't care 
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3.7 8-bit Timers 

TMP96C031F contains four 8-bit timers (timers 0,1 2, and 3), 
each of which can be operated independently. The cascade 
connection allows these timers to be used as two 16-bit tim¬ 
ers. The following four operating modes are provided for the 8- 
bit timers. 

• 8-bit interval timer mode (4 timers) W, ^ buses a 

• 16-bit interval timer mode (2 timers) ^nei6-bitbuscanbeused. 

• 8-bit programmable square wave pulse generation (PPG: 
variable duty with variable cycle) output mode (2 timers) 

• 8-bit pulse width modulation (PWM: variable duty with con¬ 
stant cycle) output mode (1 timer) 


Figure 3.7 (1) shows the block diagram of 8-bit timer 
(timer 0 and timer 1). 

Timers 2 and 3 have the same circuit configuration as 
timers 0 and 1. However, timer 0 has an external clock, pin TIO, 
whereas timer 2 does not. 

Each interval timer consists of an 8-bit up counter, 8-bit 
comparator, and 8-bit timer register. Timer flip-flop (TFE1) is 
provided for timers 0 and 1; TFE3 timer 2 and 3. 

Among the input clock sources for the interval timers, the 
internal clocks of 0T1,0T4, 0T16, and 0T256 are obtained 
from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit 
timer are controlled by three control registers T01 MOD, 
T23MOD, TFFCR, TRUN, and TRDC. 
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TFFCR<FF1C1,0> 



Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers 0 and 1) 
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® Prescaler 

This 9-bit prescaler generates the clock input to the 
8-bit tinners, 16-bit tinner/event counters, and baud rate 
generators by further dividing the fundamental clock (fc) 
after it has been divided by 4 (fc/4). 


Among them, 8-bit timer uses 4 types of clock: 

(f)J 1,0T4, 0T16, and 0T256. 

This prescaler can be run or stopped by the timer 
operation control register TRUN <PRRUN>. Counting 
starts \A/hen <PRRUN> is set to “1 ”, while the prescaler is 
cleared to zero, and stops operation when <PRRUN> is 
set to “0”. Resetting clears <PRRUN> to “0”, which 
clears and stops the prescaler. 


Cycle 


Input^— 
clock 

20MHz 

?5T1 (8/fc) 

400ns 

^T4 (32/fc) 

1.6//S 

y5T16(128/fc) 

6.4/^5 

v 5T256 (2048/fc) 

102//S 


^TO ^STI ^T2 ^T4 ^T8 ^T16 ^T32 j564 ,j128 ^T256 



CLK jn_rijnjixLn_rLn 



Figure 3.7 (2). Prescaler 
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(D Up-counter 

This is an 8-bit binary counter counted by an input 
clock specified by mode register T01 MOD for timers 0 
and 1, or mode register T23MOD for timers 2 and 3. 
Input clocks for timer 0 or 2 can be selected from internal 
clocks 0T1,0T4, and ff 16 depending to the value set in 
the TIO pin can also be selected. 

The input clock of timer 1 or 3 depends on the oper¬ 
ation mode; in 16-bit timer mode, timer 0/2 overflow out¬ 
put is used as the output clock. When set to any other 
mode than 16-bit timer mode, the input clock is selected 
from the internal clocks T1, (/> T16, and 0T256 as well 
as the comparator output (match detection signal) of 
timer 0 according to the set value of T01 MOD register or 
T23MOD. 

Example: When T01 MOD <T01 M1,0> = 01, the over 
flow output of timer 0 becomes the input 
clock of timer 1 (16-bit timer). 

When T01MOD7, 6 = 00, T01MOD3, 2 = 
01, 0T1 (8/fc) becomes the input of timer 
1 (8-bit timer). 

Operation mode is also set by T01 MOD register and 
T23MOD register. When reset, it is initialized to T01 MOD 
<T01 Ml, 0> = 00, T23MOD <T23M1,0> = 00 whereby 
the up-counter is placed in the 8-bit timer mode. 


The counting and stop and clear of up-counter can 
be controlled for each interval timer by the timer opera¬ 
tion control register TRUN. When reset, all up-counters 
will be cleared to stop the timers. 

(D Timer register 

This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1, 
TREG2, TREG3 matches the value of up-counter, the 
comparator match detect signal becomes active. If the 
set value is OOH, this signal becomes active when the up- 
counter overflows. 

Timer register TREG0/TREG2 is of double buffer 
structure, each of which makes a pair with register buffer. 

TREG0/TREG2 is used to control enable/disable of 
the double buffers according to the timer register double 
buffer control register, TRDC <TR0DE, TR2DE>. It is dis¬ 
abled when <TR0DE>/<TR2DE> = 0 and enabled when 
they are set to 1. 

In the condition of double buffer enable state, the 
data is transferred from the register buffer to the timer 
register when the 2^ -1 overflow occurs in PWM mode, 
or at the PPG cycle in PPG mode. 

When reset, it will be initialized to <TR0DE>/ 
<TR2DE> = 0 to disable the double buffer. To use the 
double buffer, write data in the timer register, set 
<TR0DE>/<TR2DE> to 1, and write the following data in 
the register buffer. 
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Up-counter 



Matching detection of PPG 
cycle 

2 n _ 1 overflow of PWM 
TREGO WR 


Internal bus 


Figure 3.7 (3). Configuration of Timer Register 0/2 

Note: Timer register and the register buffer are ailocated to the same memory address. When <TR0DE>/<TR2DE> = 0, the same value is written in the reg¬ 
ister buffer as well as the timer register, while when <TR0DE>/<TR2DE> = 1 only the register buffer is written. 


The memory address of each timer register is as fol¬ 
lows. 

TREGO: 000022H 
TREG1:000023H 


TREG2: 000026H 
TREG3: 000027H 

All registers are write-only and cannot be read. 
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7 

6 

5 4 

3 

2 

1 i 0 

bit Symbol 

T01M1 

T01MO 

PWM01 i PWMOO 

T1CLK1 ; T1CLK0 

T0CLK1 : 

TOCLKO 

Read/Write 

RW 

R/W 

RAV 

RAN 

After reset 

0 

0 

0 0 

0 

0 

0 


Function 

00; 8-bit Timer 

01: 16-bit Timer 

10; 8-bit PPG 

11;8-bitPWM 

00; - 

01; 26-1 PWM 

10; 27-1 cycle 

11; 28-1 

00; TOOTRG 

01; /T1 

10; ,1T16 

11; ^T256 

00; TIO 

01; ,lT1 

10; ^T4 

11; ^T16 


j_ I _I 


Input clock of timer 0 


00 

External clock TIO 

01 

Internal clock fiTI 

10 

Internal clock jlT4 

11 

Internal clock fiT16 

Input clock of timer 1 



T01MOD7.6=)t01 

T01MOD7,6 = 01 

00 

Comparator output of 
timer 0 

Overflow output of 
timer 0 

(16-bit timer mode) 

01 

Internal clock ^T1 

10 

Internal clock ^T16 

11 

Internal clock 4T256 


Select PWM cycle 

("Don't care" except in PWM mode) 


00 

— 

01 

26-1 

10 

27-1 

11 

28-1 


Set the operation mode of timer 0 and 1 


00 

Two 8-bit timers 
(timer 0 and timer 1) 

01 

16-bit timer 

10 

8-bit PPG output 

11 

8-bit PWM output (timer 0) 

+ 8-bit timer (timer 1) 


Figure 3.7 (4). Timer 0,1 Mode Register (T01MOD) 
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T23MOD 

(0028H) 


I_I_ I ^ I ^ _I 

^ Input clock of timer 2 


00 

_ 

01 

Internal clock 

10 

Internal clock y(T4 

11 

Internal clock fill 6 

Input clock of ti mer 3 



T01MOD7,6=^01 

T01MOD7,6 = 01 

00 

Comparator output of 
timer 2 

Overflow output of 

01 

Internal clock /TI 

(16-bit timer mode) 

10 

Internal clock /T16 

11 

Internal clock /T256 


Select PWM2 cycle 


("Don't care* except in PWM mode) 


00 

— 

01 

26-1 

10 

27-1 

11 

28-1 


Set the operation mode of timer 2 and 3 


00 

Two 8-bit timers 
(timer 2 and timer 3) 

01 

16-bit timer 

10 

8-bit PPG output 

11 

8-bit PWM output (timer 2) 

♦ 8-bit timer (timer 3) 



7 

6 

5 

4 

3 

2 

1 0 

bit Symbol 

T23M1 

T23M0 

PWM 21 

PWM20 

T3CLK1 

T3CLK0 

T2CLK1 : T2CLK0 

Read/Write 

RyW 

R/W 

R/W 

R/W 

After reset 

0 

0 

0 

0 

0 

0 

0 0 

Function 

00: 8-bit Timer 

01: 16-bit Timer 

10: 8-bit PPG 

11: 8-bit PWM 

00: - 

01:26-1 PWM 
10:27-1 cycle 

11: 28-1 

00: T02TRG 

01: /TI 

10: /T16 

11: /T2S6 

00: - 
01: /Tl 

10: /T4 

11: /T16 


Figure 3.7 (5). Timer 2,3 Mode Register (TZSMOD) 
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TFF3 TFF1 

I-1-[ 




7 6 

S 

4 

3 2 

1 

0 


bit Symbol 

TFF3C1 i TFF3C0 

TFF3IE 

TFF3IS 

TFF1C1 : TFF1C0 

TFF1IE 

TFF1IS 

TFFCR 

Read/Write 

W 

R/W 

W 

R/W 

(0025H) 

After reset 

- 

0 

0 

- 

0 

0 



00; Invert TFF3 

1: 

0: 

00: Invert TFF1 

1: 

0: 



01: Set TFF3 

TFF3 

Inversion 

1 01: Set TFF1 

TFF1 

Inversion 



10; Clear TFF3 

Invert 

of 8-bit 

10: Clear TFF1 

Invert 

of 8-bit 


Function 

11: Don't care 

Enable 

timer 2 

: 11: Don't care 

Enable 

timer 0 





Inversion 



Inversion 





of timer 3 



of timer 1 


Select inverse signal of timer F/F (TFF1) 
("Don't care* except in 8-bit timer mode) 


0 

Inversion of timer 0 

1 

Inversion of timer 1 


Inversion of Timer F/F (TFF1) 


0 

Disable 

1 

Enable 


Control of Timer F/F (TFF1) 


00 

Invert the value of TFF1 
(software inversion) 

01 

SetTFFI to"!". 

10 

Clear TFF1 to"0'. 

11 

Don't Care (Always read as " 11") 


Select inverse signal of timer F/F (TFF3) 
("Don't care* except in 8-bit timer mode) 


0 

Inversion of timer 2 

1 

Inversion of timer 3 


Inversion of Timer F/F (TFF3) 


0 

Disable 

1 

Enable 


Control of Timer F/F (TFF3) 


00 

Invert the value of TFF3 
(software inversion) 

01 

SetTFF3 to"r. 

10 

Clear TFF3 to "0". 

11 

Don't Care (Always read as " 11") 


Figure 3.7 (6). 8-Bit Timer Flip-Flop Control Register (TFFCR) 
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16-bit Timer 8-bit Timer 

I- \ - 



7 

6 

5 : 4 1 3 

2 

1 0 

bit Symbol 



PRRUN i T4RUN : T3RUN 

T2RUN 

TIRUN : TORUN 

Read/Write 


R/W 1 

After reset 



0 ! 0 i 0 

0 

0 i 0 I 

Function 


Prescaler & Timer Run/Stop Control 

0: Stop & Clear 

1: Run (Count up) 


^Operation of timer 0 



0 

Stop and clear 

1 

Count 

— 

"Operation of timer 1 


0 

Stop and clear 


1 

Count 


'-^Operation of timer 2 


0 

Stop and clear 

1 

Count 

-Operation of timer 3 

0 

Stop and clear 

1 

Count 

►Operation of 16-bit timer (timer 4) 

0 

Stop and clear 

1 

Count 


Operation of prescaier 
0 Stop and clear 
1 Count 


Figure 3.7 (7). Timer Operation Control Register (TRUN) 


MCU900-308 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



























TLCS-900 16-bit Microcontroller 


TMP96C031N/F 


TRDC 

(0029H) 



7 

6 

5 

4 

3 

2 

1 0 

bit Symbol 







TR2DE i TRODE 

Read/Write 







R/W 

After reset 







0 0 

Function 







0: Duble Buffer 
Disable 

1: Duble Buffer 
Enable 


-H*-Double Buffer Control of Timer Register 0 


0 

Disable 

1 

Enable 


'-Double Buffer Control of Timer Register 2 


0 

Disable 

1 

Enable 


Figure 3.7 (8). Timer Register Double Buffer Control Register (TRDC) 
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@ Comparator 


The operation of 8-bit timers will be described below: 


A comparator compares the value in the up-counter ^ mode 


with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 
interrupt signal (INTTO, INTTI, INTT2, INTT3) is gener¬ 
ated. If the timer flip-flop inversion is enabled, the timer 
flip-flop is inverted at the same time. 

(D Timer flip-flops (timer F/F) 

The timer flip-flops are inverted according to the 
interval timer match detect signal (comparator output). 
The signal can output a value to the timer output pins 
T01 (also used as P70) and T03 (also used as P71). 

There are two timer flip-flops: TFF1 for timers 0 and 
1; TFF3 for timers 2 and 3. TFF1 is output to the T01 pin; 
TFF3 to the T03 pin. 

T0 3 (also used as P71) is multiplexed using the 
DMUX pin; setting must be done using the port 7 control 
registers (P7CRL and P7CRH). 


Four interval timers 0, 1, 2, 3, can be used indepen¬ 
dently as 8-bit interval timer. All interval timers operate 
in the same manner, and thus only the operation of 
timer 1 will be explained below. 

® Generating interrupts in a fixed cycle 

To generate timer 1 interrupt at constant intervals using 
timer 1 (INTT1), first stop timer 1 then set the operation 
mode, input clock, and a cycle to T01 MOD and 
TREG1 register, respectively. Then, enable interrupt 
INTT1 and start the counting of timer 1. 

Example: To generate timer 1 interrupt every 40 
microseconds at fc = 16MHz, set each 
register in the following manner. 




MSB 








7 

6 

5 

4 

3 

2 

TRUN 

<- 

- 

- 

- 

- 

- 

- 

T01MOD 

<r- 

0 

0 

X 

X 

0 

1 

TREG1 

<r- 

0 

1 

1 

0 

1 

0 

INTET10 

<r- 

1 

1 

0 

1 

- 

- 

TRUN 

<- 

X 

X 

1 

- 

- 

- 

Note: x; don’t 

care 


; no change 




LSB 

1 0 

0 - Stop timer 1, and clear it to “0”. 

Set the 8-bit timer mode, and select 0T1 
(O.Sps @ fc = 16MHz) as the input clock. 
0 0 Set the timer register at 40ps 0T1 = 50H. 

Enable INTTI, and set it to “Level 5". 

1 - Start timer 1 counting. 


Use the following table for selecting the input clock. 


Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock 


Input Clock 

Interrupt Cycle 
(at fc» 20MHz) 

Resolution 

#1 (8/fc) 

0.4ms - 102.4ps 

0.4ms 

0T4(32/fc) 

1.6ps~ 409.6 ms 

1.6ms 

0T16(128/fc) 

6.4ms ~ 1.638ms 

6.4ms 

0T256(2O48/fc) 

102.4ms ~ 2.621ms 

102.4ms 
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( 2 ) Generating a 50% duty square wave pulse 

The timer flip-flop is inverted at constant intervals, and 
its status is output to timer output pin (T01). 


Example: To output a 2.4ns square wave pulse from 
T01 pin at fc = 20MHz, set each register in 
the following procedures. Either timer 0 or 
timer 1 may be used, but this example uses 
timer 1. 



MSB 





LSB 




7 

6 5 

4 

3 

2 

1 

0 

TRUN 

<- 

- 

- 

- 

- 

- 

0 

- 

T01MOD 

4- 

0 

0 X 

X 

0 

1 

- 

- 

TREG1 

4- 

0 

0 0 

0 

0 

0 

1 

1 

TFFCR 

4- 

- 

- 

- 

1 

0 

1 

1 

P7CRL 

4— 

- 

- 

- 

- 

- 

1 

0 

TRUN 

4— 

X 

X 1 

- 

- 

- 

1 

- 

Note: x; don’t care 

no change 






Stop timer 1, and clear it to T. 

Set the 8-bit timer mode, and select 0T1 as the input clock. 

Set the timer register at 2.4ns+0T1 +2 = 3. 

Clear TFF1 to “0”, and set to invert by the match detect signal from timer 1. 

Select P71 as T01 pin. 

Start timer 1 counting. 


TRUN 

BIT7~2 



Figure 3.7 (9). Square Wave (50% Duty) Output Timing Chart 
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(D Making timer 1 count up by match signal from timer 
0 comparator 


Set the 8-bit timer mode, and set the comparator out¬ 
put of timer 0 as the input clock to timer 1. 


Comparator output 
(Timer 0 match) 

Timer 0 up-counter 
(when TREGO = 5) 

Timer 1 up-counter 
(whenTREGI =2) 



Timer 1 match output - 


Figure 3.7 (10). Timer 1 Count Up by Timer 0 


(S) Output inversion with software 

The value of timer flip-flop (Timer F/F) can be inverted, 
independent of timer operation. 

Writing “00” into TFFCR <TFF1 C1,0> inverts the value 
of TFF1, writing “00” into TFFCR <FF3C1, 0> inverts 
the value of TFF3. 

(D Initial setting of timer flip-flop (Timer F/F) 

The value of TFF1 can be initialized to “0” or “1”, inde¬ 
pendent of timer operation. 

For example, write “10” in TFFCR <TFF1 C1,0> to 
clear TFF1 to “0”, while write “01 ” in TFFCR <TFF1 Cl, 
0> to set TFF1 to “1”. 

Note: The value of timer register and timer flip-flop cannot be read. 


(2) 16-bit timer mode 

A 16-bit interval timer is configured by combining tim¬ 
ers 0 and 1, or timers 2 and 3. 

Timers 0 and 1 combined function the same as timers 
2 and 3. A combination of timers 0 and 1 is used for 
explanation here. 

To configure a 16-bit timer by cascade-connecting tim¬ 
ers 0 and 1, set the mode register, T01MCD 
<T10M1,0>, to 00. 

Setting 16-bit timer mode the input clock for timer 1 to 
timer 0 overflow output regardless of the value set in 
the clock control register, TCLK. 
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Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 


input Clock 


Interrupt Cycle 
(at fcn 20MHz) 

Resolution 

0T1 (8/fc) 


0.4ps ~ 26.214ms 

0.4ps 

0T4(32/fc) 


1.6ps~ 104.857ms 

1.6ps 

0T16(128/fc) 


6.4ps~ 419.430ms 

6.4ps 


The lower 8-bit of the timer (interrupt) cycle are set by the 
timer register TREGO, and the upper 8 bits are set by TREG1. 
Note that TREGO always must be set first. (Writing data into 
TREGO disables the comparator temporarily, and the compar¬ 
ator is restarted by writing data into TREG1.) 

Setting example: To generate an interrupt INTT1 every 
0.4 seconds at fc = 20MHz, set the 
following values for timer registers 
TREGO and TREG1: 

When counting with input clock of 
0T16 (8|is @ 1 eMHz) 0.4 sec -5- 4ns 
= 62500 = F424H 


The comparator match signal is output from timer 0 
each time the up-counter UCO matches TREGO, where the 
up-counter UCO is not to be cleared. 

INTO is not to be generated at this time, either. 

With the timer 1 comparator, the match detect signal is 
output at each comparator timing when up-counter UC1 and 
TREG1 values match. When the match detect signal is output 
simultaneously from both comparators of timer 0 and timer 1, 
the up-counters UCO and UC1 are cleared to “0”, and the 
interrupt INTT1 is generated. If inversion is enabled, the value 
of the timer flip-flop TFF1 is inverted. 


Therefore, set TREG1 = F4H and 
TREGO = 24H, respectively. 



Timer 0 

Timer 1 

INTTO 

T01 

Match value 

INTT1 

T01 

Match value 

16-bit timer mode 
f counts up timer 1 by A 
1 timer 0 overflow. J 

Interrupt 

generation 

Output enable 

TREGO 
f counts up 

I even at 1 

Vmatch J 

Interrupt 

generation 

Output enable 

TREGl*28 

+TREGO 

(full 16-bit) 

8-bit timer mode 
r counts up timer 1 by A 
1 timer 0 match j 

Interrupt 

generation 

Output 

enabled 
^either timer A 
\^0 or 1 J 

TREGO 

f clears at A 

1 match j 

Interrupt 

generation 

Output 

enabled 

Neither timer A 
\^0 or 1 J 

TREGl. 

TREGO 

f multiplied A 

Rvalue J 


Example : When TREGl = 04H and TREGO = 80H 


Value of up-counter 
(UC1, UCO) 

Timer 0 comparator 
match detect signal 


Interrupt INTT1 


Timer outputTOI 


OOOOH 0080H 0180H 0280H 


0380H 


0400H 


0480H 



Figure 3.7 (11). Output Timer by 16-Bit Timer Mode 
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(3) 8-bit PPG (Programmable Pulse Generation) Output 
mode 

Square wave pulse can be generated at any frequency 
and duty by timer 0 or timer 1 and timer 0. The output 
pulse may be either low-active or high-active. In this 


mode, timer 1 cannot be used. 

With timer 0, data are output to the T01 pin (also used 
as P70); with timer 2, to the T03 pin (also used as 
P71). 



Timer 0 is explained here because operation is the same as timer 2. 



TRUNO T01 



Internal bus 


Figure 3.7 (12). Block Diagram of 8-Bit PPG Output Mode 
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When the double buffer of TREGO is enabled in this Use of the double buffer makes easy handling of low duty 

mode, the value of register buffer will be shifted in TREGO each waves (when duty is varied), 
time TREG1 matches UCO. 


Match with TREGO 

Match with TREG 1 


TREGO 

(Value to be compared) 


Register buffer 


(Up-counter = Q,) 

___J 

^ (Up-counter = Qj) 


^Shift from register buffer 

Qi 


[__ 

rr 

_^_ ) 



Write to register buffer 


Example: Generating 1/4 duty 62.5kHz pulse @ fc = 20MHz) 


h -I 


• Calculate the value to be set for timer register. 

To obtain the frequency 62.5kHz, the pulse cycle t 
should be: t = 1/62.5kHz = 16ns. 

Given 0T1 = 0.4ns @ 20MHz), 

16ns ^ 0.4ns = 40 


Consequently, to set the timer register 1 (TREG1) to 
TREG1 = 40 = 28H and then duty to 1/4, t x 1/4 = 
16ns X 1/4 = 4ns 

4ns 0.4ns = 10 

Therefore, set timer register 0 (TREGO) to TREGO = 10 
= 0AH. 
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MSB 

7 

6 

5 

4 

3 

2 

LSB 

1 0 


TRUN 

X 

X 

- 

- 

- 

- 

0 

0 

Stop timer 0, and clear it to “0”. 

T01MOD 

^ 1 

0 

X 

X 

X 

X 

0 

1 

Set the 8-bit PPG mode, and select 0T1 as input clock. 

TFFCR 

<r- 

“• 

L_ 


0 

1 

1 

X 

Sets TFF1 and enables the inversion and double buffer enable. 

Writing “10” provides negative logic pulse. 

TREGO 

<r- 0 

0 

0 

0 

1 

0 

1 

0 

Write “OAH”. 

TREG1 

^ 0 

0 

1 

0 

1 

0 

0 

0 

Write “28H”. 

P7CRL 

<- 

- 

- 

- 

- 

- 

1 

0 

Set P70 as the T01 pin. 

TRUN <- X 

Note: x: don’t care 

X 

1 

; no change 



1 

1 

Start timer 0 and timer 1 counting. 


(4) 8-bit PWM Output mode (Pulse Width Modulation) 

Mode used for timers 1 and 3. Up to 2 PWMs with a 
resolution of 8-bit (PWM1 and PWMS) pulse can be 
output. 

With timer 1, PWM is output to the T01 pin (also used 
as P70); with timer 3, to the T03 pin (also used as 
P71). 

Timer 0 or 2 is used as an 8-bit timer. 

Timer 1 (PWM1) is explained here because the opera¬ 
tion is the same as timer 3. 

Timer output is inverted when up-counter (UC1) 


matches the set value of timer register TREG or when 
2n - 1 (n = 6, 7, or 8; specified by T01 MOD) counter 
overflow occurs. Up-counter UC1 is cleared when 2n - 
1 counter overflow occurs. For example, when n = 6, 
6-bit PWM will be output, while when n = 7, 7-bit PWM 
will be output. 

To use this PWM mode, the following conditions must 
be satisfied. 

(Set value of timer register) < (Set value of 2*^ -1 
counter overflow) 

(Set value of timer register 0) 
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TIO- 

^T1- 

^T4- 

^T16- 


t ! 

TMOD <T0CLK1,0> 


8-bit up-counter 
(UCO) 




Comparator 


<T 


TREGO 


Shift trigger 


TFFCR<DBEN> 


TRUN < 

I—J 


Clear 




Register buffer 

1:1c: 


T01 


TFFCR 

IFF <3<TFF1C1.0, 
TFF1IE,TFF1IS> 


2"-1 
overflow 
control 


TMOD 

<T10M1,0> = 
TMOD 

<PWMM1.0> 




Overflow 


Figure 3.7 (13). Block Diagram of 8-Bit PWM Waveforms 


In this mode, the value of register buffer will be shifted in Use of the double buffer makes the handling of small 

TREGO if 2*^ -1 overflow is detected when the double buffer of duty waves easy. 

TREGO is enabled. 


Match with TREGO ^ 

n 

n 


(Up-counter = Qi) 

(Up-counter = Q 2 ) 

2'' - 1 overflow 


_ n _ 

( Shift from register buffer 

TREGO 

Ql 

02 

(value to be compared) - 


fr 

Register buffer _ 

02 

_X _03_ 

Write to register buffer 


Operation of Register buffer 
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Example: To output the following PWM waves to T01 
pin at fc = 20MHz. 







MSB 








7 

6 5 

4 

3 

2 

1 

TRUN 

<- 

X 

X 

- 

- 

- 

- 

T01MOD 

<- 

1 

1 1 

0 

- 

- 

0 

TFFCR 

<— 

- 

- 

- 

1 

0 

1 

TREGO 

<- 

0 

1 0 

1 

1 

0 

1 

P7CRL 

<- 

- 

- 

- 

- 

- 

1 

TRUN 

f- 

X 

X 1 

- 

- 

- 

- 

Note : x; don’t 

care 

no change 





To realize 50.8^8 of PWM cycle by 0T1 = 0.4|is (@ fc = 
20MHz). 

50.8^iS-0.4lJS= 127 = 2^-1 

Consequently, n should be set to 7. 

As the period of low level is 36ns, for 0T1 = 0.4ns, set the 
following value for TREGO: 

36ns 0.4ns = 90 = 5AH 


LSB 

0 

0 Stop timer 0, and clear it to “0”. 

1 Set 8-bit PWM mode (cycle: 2^-1) 

and select 0T1 as the input clock. 

X Clears TFF1, enables the inversion and double buffer. 

0 Write “5AH". 

0 Set P70 as the T01 pin. 

1 Start timer 0 counting. 


Table 3.7 (3) PWM Cycle and the Setting of 2" -1 Counter 



PWM Cycle (@ 10 = 20 MHz) 

0T1 

0T4 

0T16 

2®-1 

25.2|jsec (39.0kHz) 

lOOnsec (10.0kHz) 

4.03msec (2.4kHz) 

f-1 

50.8Msec (19.7kHz) 

203|jsec (4.9kHz) 

812msec (1.2kHz) 

2®-1 

102Msec (9.80kHz) 

408psec (2.4kHz) 

1.63msec (0.61kHz) 
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(5) Table 3.7 (4) shows the list of 8-bit timer modes. 

Table 3.7 (4) Timer Mode Setting Registers 


Timer Mode 
(8’bit timer x2cliannel) 

Mode 

T01M 

(T23M) 

PWMO 

(PWM2) 

Upper Input 
T1CLK 
(T3CLK) 

Lower Input 
TOCLK 
(T2CLK) 

Invert Select 
FF1IS 
(FF3tS) 

16-bit timer 

(Full 16-bit) x1 channel 

01 

_ 

- 

(External clock. 
0T1.4.16) 

- 

8-bit timer 

(8-bit X 8-bit mode x 1 channel) 

(Comparator output from the lower timer is 
input to the upper timer.) 

00 

- 

00 

(External clock, 
0T1.4.16) 

0: Lower timer 

1: Upper timer 

8-bit timer x 2channel 

00 

- 

(0T1.T16. T256) 

(External clock, 
0T1.4,16) 

0: Lower timer 

1: Upper timer 

8-bit PPG x1 channel 

10 

- 

- 

(External clock, 
0T1.4.16) 

- 

8-bit PWM X1 channel (Lower) 

8-bit timer x 1 channel (Upper) 

11 

PWM cycle 

(0T1J16J256) 

(External clock, 
0T1,4.16) 

- 


Note: don’t care 
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3.8 16-Bit PWM Timer 

The TMP96C031F contains one (timer 4) multifunctional 16-bit 
timer/event counter with the following operation modes. 

• 16-bit interval timer mode 

• 16-bit event counter mode 

• 16-bit programmable pulse generation mode 

• Frequency measurement mode 

• Pulse width measurement mode 

• Time differential measurement mode 


Timer/event counter consists of 16-bit up-counter, two 
16-bit timer registers, two 16-bit capture registers (One of 
them applies double-buffer), two comparators, capture input 
controller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by 4 control registers: 
T4MOD, T4FFCR, TRUN and T45CR. 

Figure 3.8 (1) shows the block diagram of 16-bit timer/ 
event counter (timer 4). 
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Figure 3.8 (1). Block Diagram of 16-Bit Timer (Timer 4) 
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7 

6 

5 

4 3 

2 

1 0 

T4M0D 

bit Symbol 

CAP2T5 

EQ5T5 

CAP UN 

CAP12M1 ; CAP12M0 

CLE 

T4CLK1 i T4CLK0 

(0038H) 

Read/Write 

RW 

W 

R/W 

R/W 

R/W 


After reset 


0 

1 i 0 i 0 

0 

0 0 


Function 

TFF5 invert trigger 

0; Disable trigger 

1: Enable trigger 

0; Soft- 
Capture 

1: don't 

Capture timing 

00: Disable 

INT4 occurs at rise edge. 
OlrTMf TISt 

1: UC4 
Clear 
Enable 

Timer 4 source clock 

00:TI4 

01: ^T1 



Invert 
when the 
UC value is 
loaded to 
CAP2 

Invert 
when the 
up-counter 
matches 
TREG5 


INT4 occurs at rise edge. 

lO.TMf T144, 

INT4 occurs at fall edge. 

1 1 : TFF1 t TFFI i 

INT4 occurs at rise edge. 


10: viT4 

i 11: ^T16 


Timer 4 input clock 


00 

External clock (TI4) 

01 

ylTl (8/fc) 

10 

^T4 (32/fc) 

11 

^lTl6(128/fc) 

Clearing the up-counter UC4 

0 

Clear disable 

1 

Clear by match with TREG5. 


Figure 3.8 (2). 16-Blt Timer Mode Controller Register (T4MOD) (1/2) 
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7 6 

5 

4 3 

2 

1 0 

bit Symbol 

CAP2T5 : EQ5T5 

CAP1IN 

CAP12M1 1 CAP12M0 

CLE 

T4CLK1 : T4CLK0 

Read/Write 

R/W 

W 

RW 

fV\N 

R/W 

After reset 

0 

0 

1 

0 0 

0 

0 0 

Function 

TFF5 invert trigger 

0: Disable trigger 

1 : Enable trigger 

0: Soft- 
Capture 

1: don't 
care 

Capture timing 

00: Disable 

INT4 occurs at rise edge. 

01:TMt TIST 

INT4 occurs at rise edge. 
10:TI4t TI4i 

INT4 occurs at fall edge. 
11:TFF1t TFFIi 

INT4 occurs at rise edge. 

1: UC4 
Clear 
Enable 

Timer 4 source clock 

00: TI4 

01: ^iTI 

10: ^T4 

11: ^T16 

Invert 
when the 
UC value is 
loaded to 
CAP2 

Invert 
when the 
up-counter 
matches 
TREG5 


j 


'—► Capture timing oftimerA 



Capture control 

INT4 control 

00 

Capture disable 

Interrupt occurs 
at the rise edge 
of TI4 (INTI) 

Input. 

01 

CAPl atTIArise 

CAP2 atTISrise 

10 

CAPl atTI4 rise 

CAP2 atTIAfall 

Ihtefrupf occurs 
at the fall edge ^ 
of TI4 (INTI) 
input. 

11 

CAPl atTFFI rise 

CAP2 atTFFI fall 

Interrupt occurs ^ 
at the rise edge 
of TI4 (INTI) 
input. 


Software capture 

0 The up-counter4 value is loaded to CAPl 
{software capture). 

1 Always read as "1". 


Timer flip-flop 5 (TFF5) invert trigger 

0 Trigger disable (Invert Prohibition) 
1 Trigger enable (Invert permission) 


CAP2T5 : Invert when the up-counter value is loaded to CAP2 
EQ5T5 : Invert when the up-counter matches TREG5 


Figure 3.8 (3). 16-Bit Timer Mode Controller Register (T4MOD) (2/2) 
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T4FFCR 

(0039H) 



7 6 

5 

4 

3 

2 

1 0 

bit Symbol 

TFF5C1 : TFF5C0 

; CAP2T4 

CAP1T4 

: EQ5T4 

EQ4T4 

TFF4C1 i TFF4C0 

Read/VVrite 

W 

RAW 

RAW 

RAW 

RAW 

w 

After reset 

0 0 

i 0 

0 

0 

0 

0 1 0 


00: Invert TFF5 

:TFF4 invert trigger 



00: Invert TFF4 


01:Set TFF5 

;0: Disable trigger 



01: Set TFF4 

Function 

10: Clear TFF5 

; 1: Enable trigger 



10: Clear TFF4 


11: don't care 

Invert when 

invert when 

jlnvertwhen 

Invert when 

11: don't care 


Always read as "11". 

jthe UC value 

the UC value 

jthe UC 

the UC 

^ Always read as 



•Is loaded to 

IS loaded to 

jmatches 

matches 

"ir 



jCAP2 

CAP1 

:TREG5 

tREG4 



Timer flip-flop 4 (TFF4) control 


00 

Inverts the TFF4 value (software inversion). 


01 

SetsTFF4to''l". 


10 

ClearTFF4 to "0". 


11 

Don't care (Always read as " 11"). 


Timer flip-flop 4 (TFF4) invert trigger 


0 

Trigger disable (Invert prohibition) 


1 

Trigger enable (Invert permission) 


CAP2T4 : Invert when the up-counter value is loaded to CAP2 
CAP1T4 : Invertwhen the up-countervalue is loaded to CAP1 
EQ5T4 : Invert when up-counter matches TREG5 
EQ4T4 : Invertwhen up-counter matchesTREG4 


Timer flip-flop 5 (TFF5) control 


00 

Inverts the TFF5 value (software inversion). 

01 

SetTFF5to"1". 

10 

Clear TFF5 to"0". 

11 

Don't care (Always read as " 11".) 


Figure 3.8 (4). 16-Bit Timer 4 F/F Control (T4FFCR) 
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7 

6 

5 

4 

3 2 

1 

0 

bit Symbol 

_ 




PG1T i PGOT 


DB4EN 

Read/Write 

R/W 




R/W 


RW 

After reset 

0 




0 

0 


0 

Function 

Fix at "0" 




PGi shift 
Trigger 

0 ;8-bit 

Timer Trigger 
(Timer 0.1) 

1 ; t6-btt 
Timer Trigger 
(Timer 5) 

PGO shift 
Trigger 

0 :8-bit 

Timer Trigger 
(Timer 0,1) 

1 ; 16-bit 
Timer Trigger 
(Timer 4) 


Double 
buffer of 
TREG4 

0; Disable 

1: Enable 


I__I 

L- Double buffer countrol 


0 Disable 
1 Enable 


DB4EN : Double buffer of TREG4 


Figure 3.8 (5). 16-Bit Tinner (Timer 4) Control Register (T45CR) 


16-bit timer 8-bit timer 

I-1- 


TRUN 

(0020H) 



7 

6 

5 

4 

3 2 

1 

0 

bit Symbol 



PRRUN 

T4RUN 

T3RUN i T2RUN 

T1RUN 

TORUN 

Read/Write 


R/W 1 

After reset 



0 

0 

0 0 

0 

0 

Function 


Prescaler & Timer Run / Stop Control 

0: Stop & Clear 

1: Run (Count up)^ 


•Operation of 16-bit timer (timer4) 


0 

Stop and clear 

1 

Count 

-Operation of prescaler 

0 

STOP and clear 

1 

Count 


Figure 3.8 (6). Timer Operation Control Register (TRUN) 
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® Up-counter 

UC4 is a 16-bit binary counter which counts up 
according to the input clock specified by T4MOD 
<T4CLK1,0> register. 

As the input clock, one of the internal clocks ^11(8/ 
fc), 0T4 (32/fc), and 0T16 (128/fc) from 9-bit prescaler 
(also used for 8-bit timer), and external clock from T14 
pin (also used as P72/INT4 pin) can be selected. 
When reset, it will be initialized to <T4CLK1,0> = 00 
to select TI4 input pin mode. Counting or stop and 
clear of the counter is controlled by timer operation 
control register TRUN <T4RUN> . 

When clearing is enabled, up-counter UC4 will be 
cleared to zero each time it coincides matches the 


timer register TREG5. The “clear enable/disable” is set 
byT4MOD <CLE>. 

If clearing is disabled, the counter operates as a free- 
running counter. 

(D Timer registers 

These two 16-bit registers are used to set the interval 
time. When the value of up-counter UC4 matches the 
set value of this timer register, the comparator match 
detect signal will be active. 

Setting data for timer register (TREG4 and TREG5) is 
executed using 2-byte data transfer instruction or 
using 1 -byte data transfer instruction twice for lower 
8-bit and upper 1 -bit in order. 


TREG4 TREG5 


Upper 8-bit 

Lower 8-bit 


Upper 8-bit 

Lower 8-bit 


00003IH 000030H 000033H 000032H 


TREG4 timer register is of double buffer structure, 
which is paired with register buffer. The timer control 
register T45CR <DB4EN> controls whether the dou¬ 
ble buffer should be enabled or disabled.: disabled 
when <DB4EN> = 0, while enabled when <DB4EN> 

= 1 . 

When the double buffer is enabled, the timing to 
transfer data from the register buffer to the timer regis¬ 
ter is at the match between the up-counter (UC4) and 
timer register TREG5. 

When reset, it will be initialized to <DB4EN> = 0, 
whereby the double buffer is disabled. To use the 
double buffer, write data in the timer register, set 
<DB4EN> = 1, and then write the following data in the 


register buffer. 

TREG4 and register buffer are allocated to the same 
memory addresses 000030H/0CX)031 H. When 
<DB4EN> = 0, same value will be written into only the 
register buffer. 

(D Capture Register 

These 16-bit registers are used to hold the values of 
the up-counter. 

Data in the capture registers should be read by a 2- 
byte data load instruction or two 1 -byte data load 
instruction, from the lower 8-bit followed by the upper 
8-bit. 


CAP1 CAP 2 


Upper 8-bit 

Lower 8-bit 


Upper 8-bit 

Lower 8-bit 


000035H 000034H 000037H 000036H 
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® Capture Input Control 

This circuit controls the timing to latch the value of up- 
counter UC4 into (CAP1, CAP2). The latch timing of 
capture register is controlled by register T4MOD 
<CAP1 2M 1, 0>/r5MOD <CAP34M1.0>. 

• When T4MOD <CAP12M 1,0> = 00 

Capture function is disabled. Disable is the default on 
reset. 

• When T4MOD <CAP12M1,0> = 01 

Data is loaded to CAP1 at the rise edge of TI4 pin 
(also used P80/INT4) input, while data is loaded to 
CAP2 at the rise edge of TI5 pin (also used as P81/ 

I NTS) and input. (Time difference measurement) 

• When T4MOD <CAP12M1,0> = 10 

Data is loaded to CAP1 at the rise edge of TI4 pin 
input, while to CAP2 at the fall edge. Only in this set¬ 
ting, interrupt INT4 occurs at fall edge. (Pulse width 
measurement) 

• When T4MOD <CAP12M1,0> = 11 

Data is loaded to CAP1 at the rise edge of timer flip- 
flop TFF1, while to CAP2 at the fall edge. 

Besides, the value of up-counter can be loaded to 
capture registers by software. Whenever “0” is written 
in T4MOD <CAP1 IN> the current value of up-counter 
will be loaded to capture register CAP1. It is neces¬ 
sary to keep the prescaler in RUN mode (TRUN 
<PRRUN> to be “1”). 


(D Comparator 

These are 16-bit comparators which compare the up- 
counter UC4 value with the set value of (TREG4, 
TREG5) to detect the match. When a match is 
detected, the comparators generate and interrupt 
(INTT4, INTT5) respectively. The up-counter UC4 is 
cleared only when UC4 matches TREG5. (The clear¬ 
ing of up-counter UC4 can be disabled by setting 
T4MOD <CLE> = 0.) 

® Timer flip-flop (TFF4) 

This flip-flop is inverted by the match detect signal 
from the comparators and the latch signals to the 
capture registers. Disable/enable of inversion can be 
set for each element by T4FFCR <CAP2T4, CAP1T4, 
EQ5T4, EQ4T4>. TFF4 will be inverted when “00” is 
written in T4FFCR <TFF4C1,0>. Also it is set to “1 ” 
when “10” is written, and cleared to “0” when “10” is 
written. The value of TFF4 can be output to the timer 
output pin T04 (also used as P70). 

® Timer flip-flop (TFF5) 

This flip-flop is inverted by the match detect signal 
from the comparator and the latch signal to the cap¬ 
ture register CAP2. TFF5 will be inverted when “00” is 
written in T4FFCR <TFF5C1,0>/T6FFCR 
<TFF6C1,0>. Also it is set to “1 ” when “10” is written, 
and cleared to “0” when “10” is written. The value of 
TFF5 can be output to the timer output pin T05 (also 
used as P82). 

T05 (also used as P30) is multiplexed using the HWR 
pin; setting must be done using the port 3 control reg¬ 
ister, P3CRL. 

Note: T05 (also used as P30) is multiplexed with HWR; setting 
must be done using the P3SR. 
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(1) 16-Bit Timer Mode 

Generating interrupts at fixed intervals 


In this example, the interval time is set in the timer reg¬ 
ister TREG5 to generate the interrupt INTTR5. 




7 

6 

5 

4 

3 

2 

1 

0 


TRUN 

<- 

X 

X 

- 

0 

- 

- 

- 

- 

stop timer 4. 

INTET54 

<r- 

1 

1 

0 

0 

1 

0 

0 

0 

Enable INTTR5 and sets interrupt level 4. Disable INTTR4. 

T4FFCR 

i— 

1 

1 

0 

0 

0 

0 

1 

1 

Disable trigger. 

T4M0D 

<- 

0 

0 

1 

0 

0 

1 

* 

* 

Select internal clock for input and disable the capture function. 









* = 01,10,11) 


TREG5 

<- 

0 

0 

1 

0 

1 

0 

0 

0 

Set the interval time (16-bit). 

TRUN 

<- 

1 

X 

1 

1 

- 

- 

- 

- 

Start timer 4. 

siote: x; don’t 

care 

- 

: no change 







(2) 16-Bit Event Counter Mode 


In 16-bit timer mode as described in above, the timer 
can be used as an event counter be selecting the 


external clock (TI4 pin input) as the input clock. To read 
the value of the counter, first perform the “software 
capture” once and read the captured value. 

The counter counts at the rise edge of TI4 pin input. 
TI4 can also be used as P72/INT4. 




7 

6 

5 

4 

3 

2 

1 

0 


TRUN 

<- 

X 

X 

- 

0 

- 

- 

- 

- 

stop timer 4. 

P7CR 

<— 

- 

- 

0 

0 

- 

- 

- 

- 

Set P72 to input mode. 

INTET54 

<— 

1 

1 

0 

0 

1 

0 

0 

0 

Enable INTTR5 and sets interrupt level 4, while disable INTTR4. 

T4FFCR 

<- 

1 

1 

0 

0 

0 

0 

1 

1 

Disable trigger. 

T4M0D 

<- 

0 

0 

1 

0 

0 

1 

0 

0 

Select TI4 as the input clock. 

TREG5 

<— 

* 

* 

* 

* 

* 

* 

* 

* 

Set the number of counts (16-bit). 

TRUN 

<r- 

X 

X 

1 

1 

- 

- 

- 

- 

Start timer 4. 


Note: When used as an event counter, set the prescaler in RUN mode. 
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(3) 16-Bit Programmable Pulse Generation (PPG) Mode 

The PPG mode is obtained by inversion of the timer 
flip-flop TFF4 that is to be enabled by the match of the 


up-counter UC4 with the timer register TREG4 or 5 
and to be output to T04 (also used as P70). In this 
mode, the following conditions must be satisfied. 


(Set value of TREG4) < (Set value of TREG5) 




7 

6 5 

4 

3 

2 

1 

0 


TRUN 

<r- 

X 

X 

0 

- 

- 

- 

- 

stop timer 4. 

TREG4 

<r- 

* 

* 

* 

* 

* 

* 

* 

Set the duty. (16-bit). 

TREG5 

<r- 

* 

* 

* 

* 

* 

* 

* 

Set the cycle. (16-bit). 

T45CR 

<- 








Double Buffer of TREG4 enable 

(Change the duty and cycle at the interrupt INTTR5). 

T4FFCR 

«- 

1 

1 0 

0 

0 

0 

1 

1 

Set the mode to invert TFF4 at the match with 

TREG4/TREG5, and also set the TFF4 to “0”. 

T4M0D 

<- 

0 

0 1 

0 

0 

1 

(* 

0 0 

* = 01,10,11) 

Select the internal clock for the input, and disable the 
capture function. 

P7CR 

<- 

- 

- - 

- 

- 

- 

1 

1 

Assign P70 as T04. 

TRUN «- 

Note: x; don’t 

X 

care 

X 1 1 

no change 


— 


~ 

Start timer 4. 


Match with TREG4 H 

finterruDt INTTR4) A 

_ 

0_1 



Match with TREG5 / 

(intprriipt INITTR*;) 1 

_^fl_R 


_fl 


T04pin \ 





J 



Figure 3.8 (7). Programmable Pulse Generation (PPG) Output Waveforms 
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When the double buffer of TREG4 is enabled in this 
mode, the value of register buffer 4 will be shifted in TREG4 at 


match with TREG5. This feature makes easy the handling of 
low duty waves. 


Match with TREG4 

Match with TREG5 

TREG4 
(value to be 
compared) 

Register buffer 


Up-counter = Qi 

A 

Up-counter = Q 2 

( Shift into the TREG5 


(__ 

7 ^ 

Q2 



Write into the TREG4 


Figure 3.8 (8). Operation of Register Buffer 

Shows the block diagram of this mode. 



Internal bus 


Figure 3.8 (9). Block Diagram of 16-Bit PPG Mode 
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(4) Application Examples of Capture Function 

The loading of up-counter (UC4) values into the cap¬ 
ture registers CAP1 and CAP2, the timer flip-flop TFF4 
inversion due to the match detection by comparators 
CP4 and CPS, and the output of the TFF4 status to 
T04 pin can be enabled or disabled. Combined with 
interrupt function, they can be applied in many ways, 
for example; 

® One-shot pulse output from the external trigger 
pulse 

(D Frequency measurement 
(D Pulse width measurement 
® Time difference measurement 


® One-Shot Pulse Output from the External Trigger 
Pulse 

Set the up-counter UC4 in free-running mode with the 
internal input clock, input the external trigger pulse 
from TI4 pin, and load the value of up-counter into 
capture register CAP1 at the rise edge of the TI4 pin. 
Then set T4MOD <CAP12M1, 0> = 01. 

When the Interrupt INT4 is generated at the rise edge 
of the TI4 pin, set the CAP1 value (c) plus a delay time 
(d) to TREG5 (= c + d), and set the above set value (c + 
d) plus a one-shot pulse width (p) to TREG5 (= c + d + 
p). When Interrupt INT4 occurs the T4FFCR <EQ5T4, 
EQ4T4> register sgould be set that the TFF4 inversion 
is enabled only when the up-counter value matches 
TREG4 or TREG5. When Interrupt INTTR5 occurs, this 
inversion will be disabled. 


Count dock 
(internal clock) 

TI4 pin input 
(external trigger pulse) 


Match with TREG4 


Match with TREG5 


Timer output pin T04 


^ Set the counter in free-running mode. 

jiiuiiiiiii_ 

c_ c + d c-t-d-t-p_ 


lU Load the up-counter value into capture i 
, Register 1 (CAP1) INT4 occurred 1 

_^j _i_ 

1 Inversion / 

1 enable I 

. 4 

^ INTTR5 occurred 

i _ 

! Disables invcrsionl 
! caused by loading \ 

[ of the up-counter \ 
>jf value into CAP1. 

Inversion / 
enable \ 



. 

i 

! Delay time 

Pulse width j 



(d) 


(P) 


Figure 3.8 (10). One-Shot Pulse Output (with Delay) 
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Setting example: To output 2ms one-shot with Sms delay to the external trigger pulse to TI4 pin. 


Main setting 
T4M0D - 

I T4FFCR 1 



-10 10 0 1 


tl 


1 0 0 0 0 1 0 


P7CRL ^.11 


Keep counting (Free-runnig) 

Count with 

Load the up-counter value into CAP1 at the rise edge 
of TI4 pin input. 

Clear TFF4 to zero. 

Disable TFF4 inversion. 

Select P70 as the T04 pin. 


INTE45 - -- -1100 
INTET54^ 10001000 
TRUN XXll- 


Enable INT4, and disable INTTR4 and INTTR5. 
Start timer 4. 


Setting of INT4 

"tREG 4 CAPl+3ms/^Tl 

TREG5 TREG4+2ms/^Tl 

T4FFCR ^- 11-- 

-► Enable TFF4 inversion when the up-counter value 

matches TREG4 or 5. 

INTET54*- 1100 - EnaWe INTTR5. 


Setting of INT5 

~T4FFCR ^- 00-- 

Disable TFF4 inversion when the up-counter value 
matches TREG4 or 5. 

JNTET54<- 1000 - Disable INTTR5. 

Note: X; don’t care - ; no change 
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When delay is unnecessary, invert tinner flip-flop TFF4 
when the up-counter value is loaded into capture register 1 
(CAP1), and set the CAP1 value (c) plus the one-shot pulse 
width (p) to TREG5 when the interrupt INT4 occurs. The TFF4 


inversion should be enabled when the up-counter (UC4) value 
matches TREG5, and disabled when generating the interrupt 
INTTR5. 


-JUMIUI_IMIl_HHHIIL-— 


Tl4pin input 

(external trigger puise) “““ 

Match withTREGS 

^INHRS 
^ occurred 

. - 

Load the up-counter value into 
Capture Register 2 (CAP2). 

Timer output pin T04 

7j 

Enables inversion caused * 

by loading of the up- 
counter value into CAP!. 

c 

o 


Pulse width I f 

(p) Disables inversion caused by loading of 

the up-counter value into CAP2. 


Figure 3.8 (11). One-Shot Pulse Output (without Delay) 


(D Frequency Measurement 

The frequency of the external clock can be measured 
in this mode. The clock is input through the TI4 pin, and 
its frequency is measured by the 8-bit timers (Timer 0 
and Timer 1) and the 16-bit timer/event counter (Timer 4). 


The TI4 pin input should be selected for the input 
clock of Timer 4. The value of the up-counter is loaded 
into the capture register CAP1 at the rise edge of the 
timer flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), 
and into CAP2 at its fall edge. 

The frequency is calculated by the difference 
between the loaded values In CAP1 and CAP2 when the 
interrupt (INTTO or INTT1) is generated by either 8-blt 
timer. 
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Count clock 
(internal clock) 

TFFl 

Loading UC16 into CAP1 
Loading UC16 into CAP2 
TNTT0/INTT1 

Figure 3.8 (12). Frequency Measurement 

For example, if the value for the level “1 ” width of between CAP1 and CAP2 is 100, the frequency will be 

TFFl of the 8-bit timer is set to 0.5 s. and the difference 100/0.5[s] = 200[Flz]. 


Cl C2 
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(D Pulse Width Measurement 


This mode allows measuring the “H” level width of an 
external pulse. While keeping the 16-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is input through the TI4 pin. Then 
the capture function is used to load the UC4 values into 
CAP1 and CAP2 at the rising edge and falling edge of the 


external trigger pulse respectively. The interrupt INT4 
occurs at the falling edge of TI4. 

The pulse width is obtained from the difference 
between the values of CAP1 and CAP2 and the internal 
clock cycle. 

For example, if the internal clock is 0.8 microseconds 
and the difference between CAP1 and CAP2 is 100, the 
pulse width will be 100 x 0.8 = 80 microseconds. 


Count clock 
(internal clock) 


juinimii— 

Cl C2 



Figure 3.8 (13). Pulse Width Measurement 

Note: Only in this pulse width measuring mode (T4MOD <CAP12M1,0> = 10), external interrupt INT4 occurs at the falling edge of TI4 pin input. In other 
modes, it occurs at the rising edge. 


The width of “L” level can be measured from the dif¬ 
ference between the first C2 and the second Cl at the 
second INT4 interrupt. 


@ Time Difference Measurement 

This mode is used to measure the difference in time 
between the rising edges of external pulses input through 
TI4 and TI5. 


Keep the 16-bit timer/event counter (Timer 4) count¬ 
ing (free-running) with the internal clock, and load the 
UC4 value into CAP1 at the rising edge of the input pulse 
to TI4. Then the interrupt INT4 is generated. 

Similarly the UC4 value is loaded into CAP2 at the 
rising edge of the input pulse to T15, generating the inter¬ 
rupt INT5. 

The time difference between these pulses can be 
obtained from the difference between the time counts at 
which loading the up-countervalue into CAP1 and CAP2 
has been done. 
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Figure 3.8 (14). Time Difference Measurement 


(5) Different Phased Pulses Output Mode 

In this output mode, signals with any different phase 
can be outputted by free-running up-counter UC4. 


When the value in up-counter UC4 and the value in 
TREG4 (TREG5) match, the value in TFF4 (TFF5) is 
inverted and output to T04 (T05). 

This mode can only be used by 16-bit timer 4. 


Counter 



Figure 3.8 (15). Phase Output 


Cycles (counter overflow time) of the above output 
waves are listed below. 



16IVIHZ 

20MHz 

0T1 

32.768ms 

26.214ms 

0T4 

131.072ms 

104.856ms 

0T16 

524.288ms 

419.424ms 
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3.9 Stepping Motor Control/Pattern Generation Port 

The TMP96C031F contains 2 channels (PGO and PG1) of 4-bit 
hardware stepping motor control/pattern generation (herein 
after called PG) which actuate in synchronization with the 
(8-bit/16-bit) timers. The PG (PGO and PG1) are shared in 8-bit 
I/O ports P6. 

Channel 0 (PGO) is synchronous with 8-bit timer 0 or 
timer 1, 16-bit timer 4, channel 1 (PG1) is synchronous with 8- 


bit timer2 or timers, 16-bit timer4, to update the output. 

The PG ports are controlled by control registers 
(PG01CR) and can select either stepping motor control mode 
or pattern generation mode. Each bit of the P6 can be used as 
the PG port. 

Channel 0 (PGO) and channel 1 (PG1) operate indepen¬ 
dently. 

Except in the following case, both channels operate the 
same. Thus, channel 0 (PGO) is explained here. 


Difference between PGO and PG1 




P63/PG03 

(P67/P613) 


P62/PG02 

(P66/PG12) 


P61/PG01 

(P65/PG11) 


P60/PG00 

(P64/PG10) 



Figure 3.9 (1). Pattern Generator/Stepping Motor Control Block Diagram 
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PG01CR 

(004EH) 



7 

6 

5 4 

3 i 2 : 1 ! 0 

bit Symbol 

PAT1 

CCW1 

PGIM I PG1TE 

PATO j CCWO 1 PGOM j PGOTE 

Read/Write 

R/W 

R/W 

After reset 

0 

0 

0 

0 

0 

0 

0 0 

Function 

PG1 write 
mode 

0; 8-bit 
write 

1: 4-bit 
write 

PG1 

Rotaing 

direction 

0: Normal 
rotation 

1: Reverse ; 
rotation: 

PG1 mode 
(excitation) 

0 ; 1 excitation 

or 

2 excitation 

1: U2 

excitation 

PG1 

trigger 

input 

enable 

0: disable 

1; enable 

PGO write 
mode 

0: 8-bit 
write 

1:4-bit 
write 

PGO 

Rotaing 

direction 

0: Normal 
rotation 

1: Reverse 
rotation 

PGO mode iPGO 
(excitation): trigger 

0: lexcitatiorc input 
or : enable 

.'“"".HoidiMbl. 

' ■ :1: enable 

excitation: 


► PGO Trigger input enable 

0 Trigger input disable to PGO 
1 Trigger input enable to PGO 


Set the operation mode of PGO 
0 1 or 2 excitation (full step) 

1 1 -2 excitation (half step) / PG mode 


PGO (stepping motor control) 
Rotaing direction control 

0 Normal rotation / PG mode 

1 Reverse rotation 


Selecting PGO write mode 


0 8*bit write 

^ 4-bit write / PG mode 

(Only shifter alternate register can be 
written.) 


Figure 3.9 (2a). Pattern Generation Control Register (PG01CR) 
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PGOICR 

(004EH) 



7 

6 

5 

4 

3 

2 ; 1 : 0 

bit Symbol 

PAT1 

CGV1 

PG1M 

PG1TE 

PATO 

CCWO j PGOM 1 PGOTE 

—___l 

Read/Write 

R/W 

R/W 1 

After reset 

0 

0 

0 

0 

0 

o 

o 

o 

Function 

PGl write 
mode 

0: 8-bit 
write 

1: 4-bit 
write 

PGl 

Rotaing 

direction 

0: Normal 
rotation 

1: Reverse 
rotation 

PGl mode 
(excitation) 
0: 1 excitation 

or 

2 excitation 

1; 12 

excitation 

PGl 

trigger 

input 

enable 

0: disable 

1; enable 

PGO write 
mode 

0: B-bit 
write 

1:4-bit 
write 

PGO jPGOmode iPGO 

Rotaing !(excitation); trigger 
direction 10: lexcitatioiv input 

0: Normal! " , I*"*'’'* 

rot.tioni,.J;“'“'rO:diMbl. 

1: Reverse . . il: enable 

rotation! 


^ PG1 trigger input enable 


0 

Trigger input disable to PG1 

1 

Trigger input enable to PG1 

Set the operation mode of PGl 

0 

1 or 2 excition (full step) 

1 

1-2 excitation (half step) / PG mode 

PGl (stepping motor control) 

Rotaing direction control 

0 

Normal rotation f PG mode 

1 

Reverse rotation 

Selecting PGl write mode 

0 

8-bit write 

1 

4-blt write / PG mode 

(Only shifter alternate register can be 
written.) 


Figure 3.9 (2b). Pattern Generation Control Register (PG01CR) 
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PGOREG 

(004CH) 



7 

6 

5 

4 

3 I 2 j 1 

0 

bit Symbol 

PG03 

PG02 

PG01 

PGOO 

SA03 j SA02 j SA01 

SAOO 

Read/Write 

W 

R/W 

After reset 

0 1 

0 

0 

0 

Undefined 

Function 

Pattern Generation 0 (PGO) output latch register 

Shift alternate register 0 



(Reading the P6 that is set to the PG port allows to read-out.) 

For the PG mode (4-bit write) register 


Prohibit Read 

modify write Figure 3.9 (3). Pattern Generation 0 Register (PGOREG) 


PG1REG 

(004DH) 



7 

6 

5 

4 

3 

2 I 1 

0 

bit Symbol 

PG13 

PG12 

PG11 

PG10 

SA13 

SA12 I SA11 

SA10 

Read/Write 

W 

R/W 

After reset 

0 

0 

0 

0 

Undefined 

Function 

Pattern Generation 1 (PG1) output latch register 
(Reading the P6 that is set to the PG port allows to read-out.) 

Shift alternate register 1 

For the PG mode (4-bit write) register 


Prohibit Read 

modify write Figure 3.9 (4). Pattern Generation 1 Register (PG1REG) 
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T45CR 

(003AH) 



7 

6 ; 5 i 4 

3 

2 

1 

0 

bit Symbol 

- 


PG1T 

PGOT 


OB4EN 

Read/Write 

R/W 


RW 


R/W 

After reset 

0 


0 

0 


0 

Function 

Fixat "0" 

5K Always 
read as 
"0* 


PG1 Shift 

trigger 

): B-bit timer 

trigger 
(timer2. 3) 

1:16-bit timer 
trigger 
(timer4) 

PCO Shift 

0:8-bit timer 

trigger 
(timerO, 1) 

1:16bit timer 
trigger 
(timer4) 


Double 
buffer of 
TREG4 
0:Disable 
1:Enable 


L 


^—► Double buffer control 
0 Disable 
1 Enable 


DB6EN ; Double buffer of TREG6 
DB4EN : Double buffer of TREG4 


Selecting PGO shift trigger 
0 8-bit timer trigger (timer 0,1) 
1 16-bit timer trigger (timer 4) 


Selecting PG1 shift trigger 
0 8-bittimertrigger(timer 2, 3) 
1 16-bit timer trigger (timer 4) 


Write "0" to this bit, when this register is modified. 


Figure 3.9 (5). 16-bit Timer Trigger Control Register (T45CR) 
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<PG1T> 


Figure 3.9 (6). Connection of Timer and Pattern Generator 


(1) Pattern Generation Mode 

PG functions as a pattern generation according to the 
setting of PG01CR <PAT1>/<PAT0>. In this mode, 
writing from CPU is executed only on the shifter alter¬ 
nate register. Writing a new data should be done during 
the interrupt operation of the timer for shift trigger, and 
a pattern can be output synchronous with the timer. 


In this mode, set PG01CR <PGOM> and <PG1 M> to 
1, and PG01 CR <CCW0> and <CCW1 > to 0. 

The output of this pattern generator is output to port 6; 
since port and functions can be switched on a bit basis 
using port function control register P6CRLyP6CRH, any 
port pin can be assigned to pattern generator output. 
Figure 3.9 (7) shows the block diagram of this mode. 


Trigger signal from timer/time 
interrupt 

Shift alternate register output 
(SA03-00) 

Pattern generator register 
output (PG03-00) 


j Data write to SA03-00 by / / [ 

I timer interrupt I i I 1 1 i 

n-l\ X n 


n.r , X 

n + 2 \ 


V V Data shift from SA03-00 

u 

u 

U 


M toPG03-00 


Vi 

Vi 


X n-1 

xz 

_Q_X_ 


n + 2 


Figure 3.9 (7). Pattern Generation Mode Timing Example 
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Shift due to the shift trigger from timer 


Figure 3.9 (7). Pattern Generation Mode Block Diagram (PGO) 


In this pattern generation mode, only writing the output mode. Accordingly, the data shifted by trigger signal from a 

latch is disabled by hardware, but other functions do the same timer must be written before the next trigger signal is output, 

operation as 1 -2 excitation in stepping motor control port 
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(2) \ Stepping Motor Control Mode Figure 3.9 (8) and Figure 3.9 (9) show the output wave¬ 

forms of 4-phase 1 excitation and 4-phase 2 excita- 
® 4-phase 1 -Step/2-Step Excitation respectively when channel 0 (PGO) is selected. 


Trigger signal 
from timer 

PGOO (P60) 

PG01 {P61) 

PG02 {P62) 

PG03 {P63) 

t 

Initial value PGOREG *- 0100 x x x x 

Note ; bn indicates the initial value of PGOREG ♦- b7 b6 b5 b4X X X X 

0 Normal Rotation 

Trigger signal 
from timer 

PGOO (P60) 

PG01 (P61) 

PG02 (P62) 

PG03(P63) 

t 

Initial value PGOREG «- OlOOx x x x 

@ Reverse Rotation 


Figure 3.9 (8). Output Waveforms of 4-Phase 1-Step Excitation 
(Normal Rotation and Reverse Rotation) 
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Trigger signal 
from timer 


n 


J1_fl 


n 


J1_R 


PGOO (P60) 

: b4 

Jb7 

be 

—|bs 

b4 






p<^ni ^Pfii \ 

' bS 

b4 


be 


rVJU 1 tr O 1 ) 



_ 



PG02 (P62) 

b6 

"]b5 

b4 

_1^7 

be 






PG03 (P63) 

b7 

be 

_ 

b4 



t 

Initial value PGOREG e- 1100 x x x x 



Figure 3.9 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 


The operation when channel 0 is selected is 
explained below. 

The output latch of PGO (also used as P6) is shifted 
at the rising edge of the trigger signal from the timer to be 
output to the port. 

The direction of shift is specified by PG01CR 
<CCW0>: Normal rotation (PGOO PG01 ^ PG02 
PG03) when <CCW0> is set to “0”; reverse rotation 
(PGOO 4- PG01 <- PG02 ^ PG03) when “1 ”. Four-phase 


1 -step excitation will be selected when only one bit is set 
to “1 ” during the initialization of PG, while 4-phase 2-step 
excitation will be selected when two consecutive bits are 
set to “1”. 

The value in the shift alternate registers are ignored 
when the 4-phase 1 -step/2-step excitation mode is 
selected. 

Figure 3.9 (10) shows the block diagram. 



rising edge of trigger signal from 
timer. 


Figure 3.9 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation 

(Normal Rotation) 
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(D 4-Phase 1 -2 Step Excitation Figure 3.9 (11) shows the output waveforms of 4- 

phase 1 -2 step excitation when channel 0 is selected. 


Trigger signal 
from timer 

PGOO (P60) 
PG01 (P61) 
PG02 (P62) 
PG03 (P63) 

In 

Note: 


Trigger signal 
from timer 

PGOO (P60) 
PG01(P61) 
PG02 (P62) 
PG03 (P63) 

Iniii, 


Figure 3.9 (11). Output Waveforms of 4-Phase 1-2 Step Excitation 
(Normal Rotation and Reverse Rotation) 
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® Reverse Rotation 
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The initialization for 4-phase 1 -2 step excitation is as 
follows: 

By rearranging the initial value “b7 b6 b5 b4 b3 b2 
b1 bO” to “b7 b3 b6 b2 b5 b1 b4 bO”, the consecutive 3 
bits are set to “1 ” and other bits are set to “0” (positive 
logic). 

For example, if b7, b3, and b6 are set to “T', the ini¬ 
tial value becomes “11001000”, obtaining the output 
waveforms as shown in Figure 3.10 (11). 

To get an output waveform of negative logic, set val¬ 
ues 1 s and O’s of the initial value should be inverted. For 


example, to change the output waveform shown in Fig¬ 
ure 3.10 (11) into negative logic, change the initial value 
to “00110111”. 

The operation will be explained below for channel 0. 

The output latch of PGO (shared by P6) and the 
shifter alternate register (SAO) for Pattern Generation are 
shifted at the rising edge of trigger signal from the timer 
to be output to the port. The direction of shift is set by 
PG01CR <CCW0>. 

Figure 3.9 (12) shows the block diagram. 



PG03 (P63) 


PG02 (P62) 


PG01 (P61) 


PGOO (P60) 


jr[_ is showing to shift the signal at the rising 
edge of trigger signal from the timer. 


Figure 3.9 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive channel 0 (PGO) by 4-phase 1 -2 
step excitation {normal rotation) when 




7 

6 

5 

4 

3 

2 

1 

0 

TRUN 

<- 

- 

X 

- 

- 

- 

- 

- 

0 

TMOD 

<- 

0 

0 

X 

X 

_ 

- 

0 

1 

TFFCR 

<- 

X 

X 

X 

0 

1 

0 

1 

0 

TREGO 

<- 

* 

* 

* 

* 

* 

★ 

* 

* 

P6CRL 

<- 

1 

0 

1 

0 

1 

0 

1 

0 

PG01CR 

«- 

- 

- 

- 

- 

0 

0 

1 

1 

PGOREG 

<r- 

1 

1 

0 

0 

1 

0 

0 

0 

TRUN 

<- 

1 

X 

- 

- 

- 

- 

- 

1 

Note: x; don’t care 


; no change 






(3) Trigger Signal From Timer 

The trigger signal from the timer which is used by PG is 


timer 0 is selected, set each register as follows: 


Stop timer 0, and clears it to zero. 

Set 8-bit timer mode and selects 0T1 as the input clock of timer 0. 
Clear TFF1 to zero and enables the inversion trigger by timer 0. 

Set the cycle in timer register. 

SetP60~P63bitsto PG output. 

Select PGO 4-phase 1 - 2 step excitation mode and normal rotation. 
Set an initial value. 

Start timer 0. 


not equal to the trigger signal of timer flip-flop (TFF1, 
TFF4, TFF5, and TFF6) and differs as shown in Table 
3.9 (1) depending on the operation mode of the timer. 


Table 3.9 (1) Select of Trigger Signal 



TFF1 Inversion 

PG Shift 

8-bit timer mode 

Selected by TFFCR <TFF1 IS> when the up-counter value matches 
TREGO orTREGI value. 


16-bit timer mode 

When the up-counter value matches with both TREGO and TREG1 
values. (The value of up-counter = TREG1*2® + TREGO) 


PPG output mode 

When the up-counter value matches with both TREGO and TREG1. 

When the up-counter value matches TREG1 value (PPG cycle). 

PWM output mode 

When the up-counter value matches TREGO value and PWM cycle. 

Trigger signal for PG is not generated. 


Note: To shift PG, TFFCR <TFF1 IE> must be set to “1 ” to enable TFF1 inversion. 


Channel 1 of PG can be synchronized with the 16-bit 
timer Timer 4. In this case, the PG shift trigger signal 
from the 16-bit timer is output only when the up- 
counter UC4 value matches TREG5. 


When using a trigger signal from Timer 4, set either 
T4FFCR <EQ5T4> or T4MOD <EQ5T5> to “1 ” and a 
trigger is generated when the value in UC4 and the 
value in TREG5 match. 
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(4) Application of PG and Tinner Output To drive a stepping motor, in addition to the value of 

each phase (PG output), synchronizing signal is often 
As explained in “Trigger signal from timer”, the timing required at the timing when excitation is changed over, 

to shift PG and invert TFF differs depending on the 'his appiication, port 6 is used as a stepp ng motor 

mode of timer. An application to operate PG whiie to output a synchronizing signal to the 

operating an 8-bit timer in PPG mode will be explained ' (shared by P70). 

below. 


T01 (P70) 
PG0O(P60) 
PG01 (P61) 
PG02 (P62) 

PG03 (P63) 


Figure 3.9 (13). Output Waveforms of 4-Phase 1-Step Excitation 


Setting example: 

7 

6 5 

4 

3 

2 

1 

0 


TRUN 

<- 

- 

X 

- 

- 

- 

0 

0 

stop timer 0, and clears it to zero. 

TMOD 

<r- 

1 

0 X 

X 

X 

X 

0 

1 

Set timer 0 and timer 1 in PPG output mode and selects 0T1 as the input clock. 

TFFCR 

<r- 

X 

X X 

0 

0 

1 

1 

X 

Enable TFF1 inversion and sets TFF1 to “1”. 

TREGO 

<- 

* 

* 

* 

* 

* 

* 

* 

Set the duty ot T01 to TREGO. 

TREG1 

<— 

* 

* 

* 

* 

* 

* 

* 

Set the cycle of T01 toTREGI. 

P7CR 

<— 

- 

- - 

- 

- 

- 

1 

0 

Assign P70as T01. 

P6CRL 

<— 

1 

0 1 

0 

1 

0 

1 

1 

Assign P60 ~ 63 as PGO. 

PG01CR 

<- 

- 

- 

- 

0 

0 

0 

1 

Set PGO in 4-phase 1-step excitation mode. 

PGOREG 

<- 

* 

* 

* 

* 

* 

* 

* 

Set an initial value. 

TRUN f- 1 

Note: x; don’t care 

X - - 

no change 

- 


1 

1 

Start timer 0 and timer! 
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3.10 Serial Channel asynchronous transmission (UART) as well as for I/O exten- 

The TMP96C031F contains 2 serial I/O channels for full duplex sion. 

The serial channel has the following operation modes. 


— • I/O interface mode - 

(channel 1 only) 

— Mode 0: 

p Mode 1: 

To transmit and receive I/O data as well as 
the synchronizing signal SCLK for extending I/O. 

7-bit data 

— • Asynchronous transmission - 

U Mode 2: 

8-bit data 

(UART) mode (channel 0 and 1) 

L Mode 3: 

9-bit data 


In mode 1 and mode 2, a parity bit can be added. Mode Figure 3.10 (1) shows the data format (for one frame) in 

3 has wake-up function for making the master controller start each mode, 
slave controllers in serial link (multi-controller system). 


• Mode 0 (I/O interface mode) 



— Transfer direction 


• Mode 1 (7-bit UART mode) 



• Mode 2 (8-bit UART mode) 



• Mode 3 (9-bit UART mode) 



When bit 8 = 1, address (select code) is denoted. 
When bit 8 = 0, data is denoted. 


Figure 3.10 (1). Data Formats 
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The serial channel has a buffer register for transmitting 
and receiving operations, in order to temporarily store trans¬ 
mitted or received data, so that transmitting and receiving 
operations can be done independently (full duplex). 

However, in I/O interface mode, SCLK (serial clock) pin is 
used for both transmission and receiving, the channel 
becomes half-duplex. 

The receiving data register is of a double buffer structure 
to prevent the occurrence of overrun error and provides one 
frame of margin before CPU reads the received data. The 
receiving data register stores the already received data while 
the buffer regi ster re ceiv es th e next fram e data . 

By using CTS and RTS (there is no RTS pin, so any one 
port must be controlled by software), it is possible to halt data 
send until CPU finishes reading receive data every time a frame 
is received (Handshake function). 

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 


detected to be normal at least twice in three samplings. 

When the transmission buffer becomes empty and 
requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, or framing error occurs 
during receiving operation, flag SC0CR/SC1CR <CERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen¬ 
erator, which can set any baud rate by dividing the frequency 
of four clocks (0TO, 0T2, 0T8, and 0T32) from the internal pres¬ 
caler (shared by 8-bit/16-bit timer) by the value 2 to 16. 

In I/O interface mode, it is possible to input synchronous 
signals as well as to transmit or receive data by external clock. 

3.10.1 Control Registers 

The serial channel is controlled by three control registers 
SCOCR, SCOMOD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 
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SCOMOD 

{0052H) 



7 

6 

5 

4 13 12 

1 0 

bit Symbol 

TB8 

CTSE 

RXE 

WU SMI SMO 

SCI SCO 

Read/Write 

fU\N 1 

After reset 

0 

0 

0 

o 

o 

o 

0 0 

Function 

Transfer 

data 

Bit 8 

Hand 

shake 

fanction 

control 

0: CTS 

disable 

1: CTS 

enable 

Receiving 

Function 

0: Receive 
disable 

1: Receive 
enable 

Wake up jSerial transmission 
Function imode 

iOO: Can not be used 

0; disable 7-bit UART 

1: Enable 8-bit UART 

ill; 9-bit UART 

Serial transmission 
clock (UART) 

00; TOO Trigger 

01: baud rate 
generator 

10: Internal clock 4* 1 

11: don't care 


_1_ 1 _1_1_1-1 


nz 


Serial transmission clock (UART) 


00 

Timer 0 match detect signal 

01 

Baud rate generator 

10 

Internal clock 4*1 

11 

don’t care 


■ Serial transmission mode 


00 

Can not be used 

01 

i 7-bit length 

10 

UART ;• 8-bit length 

11 

: 9-bit length 


• Wake-up Function 



9-bit UART 

Other mode 

0 

Interrupt when 
data are received 

don't care 

1 

Interrupt only 
when RB8= 1 


- Receiving Function 


0 Receive Disable 
\ Receive Enable 


■ Hand shake function (CTS Pin) enable 


0 Disable (always Transferable) 
1 Enable 


- Transmission data bit 8 


Note ; There is SCIMOD (56H) in Channell 


Figure 3.10 (2). Serial Mode Control Register (Channel 0, SCOMOD) 
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SCOCR 
(005IH) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

RB8 

EVEN 

PE 

OERR 

PERR 

FERR 

— 

— 

Rcad/Write 

R 

R/W 

R (cleared to Zero when read) 

R/W 

After reset 


0 

0 

0 

0 

0 

0 

0 

Function 

Received 

data 

Bits 

Parity 

0; Odd 

1:Even 

Parity 

addition 

0: Disable 

1; Enable 

1; error 

Fix at "0” 

Fix at "0" 

Overrun 

Parity 

Framing 


►Framing error flag 
„ V^Cleared to Zero 

-parity efrorflasi ^„henr.ad. 

►Overrun error flag 


• Enable parity addition 


0 Prohibition (disable) 
1 Permission (enable) 


• Addition / check of even parity 


0 Odd parity 
1 Even parity 


- RecevingdatabitS 


Note: Serial control register for channel 1 is SCICR (55H). 

Note : As all error flags are cleared after reading do not test only a single bit with a bit¬ 
testing instruction. 


Figure 3.10 (3). Serial Control Register (Channel, SCOCR) 
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BROCR, 
(0053H) 



7 

6 

5 4 

3 ; 2 i 1 i 0 

bit Symbol 

— 


BROCK1 : BROCKO 

BR0S3 i BR0S2 ! BR0S1 i BROSO 

ReadAA/rite 

R/W 


RAV 1 

After reset 

0 


0 0 

0 ; 0 i 0 i 0 

Function 

Fix at "O" 


00: ^T0(fc/4) 

01: ^T2 (fc/16) 

10: vlT8(fc/64) 

11: ^T32 (fc/256) 

Setting of the Divided frequency 


C 


Setting of the divided frequency 
of baud rate generator 


Selecting the input clock of 
baud rate generator 


0000 

16 divisions 

0001 

Don't set 

0010 

2 to 15 divisions 

1111 



00 

Internal clock jsTO {fc/4) 

01 

Internal clock ^T2 {fc/16) 

10 

Internal clock ^T8 (fc/64) 

11 

Internal clock ^T32 (fc/256) 


Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing 
instruction. 


Figure 3.10 (4). Serial Channel Control (Channel 0, BROCR) 



7 

6 

5 

4 

3 

2 

1 

0 


[ 

TB7 

TB6 

TBS 

TB4 

TB3 

TB2 

TB1 

TBO 

] (Transmission) 

SCOBUF 

(50H) 

7 

6 

5 

4 

3 

2 

1 

0 


[ 

RB7 

RB6 

RB5 

RB4 

RB3 

RB2 

RBI 

RBO 

] (Receiving) 


Figure 3.10 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF) 
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Figure 3.10 (6). Serial Mode Control Register (Channel 1, SCI MOD) 
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sc ICR 
(0055H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

RB8 

EVEN 

PE 

OERR 

PERR 

FERR 

SCLKS 

IOC 

Read/Write 

R 

R/W 

R (clear to Zero when read) 

RAV 

After reset 


0 

0 

0 

0 

0 

0 

0 

Function 

Received 

data 

Bits 

Parity 

0: Odd 

1;Even 

Parity 

addition 

0: Disable 

1: Enable 

1: error 

OrSCLKI 

(_r) 

1:SCLK1 

(-1-) 

0: 

Baud rate 

generator 

1: SCLK1 
Pin input 

Overrun 

Parity 

Framing 




Select I/O interface input clock (Notei) 


0 Baud rate generate 
1 SCLK1 Pin input 


Note 1 : For channel 0, fix this bit to "0" 
Edge selection in SCLK pin input mode 


Transmits and receives ( _f ) 

data at raise edge of SCLK 


Transmits and receives ( ^ ) 

data at fall edge of SCLK 


Framing error flag 
Parity error flag 
Overrun error flag 

Enable parity addition 


I Cleared to Zero 
r when read 


0 I Disable 
I Enable 


Addition / check of even parity 


0 Odd Parity 
1 Even Parity 


Receiving data bits 


Note : As all error flags are cleared after reading, do not test only a single bit with a bit¬ 
testing instruction. 


Figure 3.10 (7). Serial Control Register (Channel 1, SC1CR) 
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BR1CR 

(0057H) 



7 

6 

5 4 

3 i 2 j 1 i 0 

bit Symbol 

— 


BR1CK1 ; BR1CK0 

BR1S3 ; BR1S2 1 BRISI i BRISO 

ReadAA/rite 

R/W 


RAA/ 1 

After reset 

0 


0 0 

0 ; 0 ; 0 : 0 

Function 

Fix at "0" 


00: ^iTO (fc/4) 

01: 55T2 (fc/16) 

10: ,)T8 (fc/64) 

11: ^T32 (fc/256) 

Setting of the Divided frequency 


L Setting of the divided frequency of baud rate 
generator_ 


0000 

16 divided 

0001 

Don't set 

0010 


i 

2 to 5 divisions 

nil 



Selecting the input clock of baud rate generator 


00 

Internal clock yjTO (fc/4) 

01 

Internal clock yiT2 (fc/16) 

10 

Internal clock <f,T8 (fc/64) 

11 

Internal clock yiT32 (fc/256) 


Note ; To use bauci rate generator, 5etTRUN<PRRUN>to “1”, putting the prescaler in RUN 
mode. 


Figure 3.10 (8). Baud Rate Generator Control Register (Channel 0, BROCR) 



7 

6 

5 

4 

3 

2 

1 

0 


[ 

TB7 

TB6 

TBS 

TB4 

TBS 

TB2 

TB1 

TBO 

J (Transmission) 

SC1BUF 

(0054H) 

7 

6 

5 

4 

3 

2 

1 

0 


[ 

RB7 

RB6 

RB5 

RB4 

RB3 

RB2 

RB1 

RBO 

J (Receiving) 


Figure 3.10 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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P6CRL 

(0014H) 


Port 6 Control Register L 



7 6 

5 4 

3 2 

1 0 

bit Symbol 

P63C1 : P63C0 

P62C1 i P62C0 

P61C1 ; P61C0 

P60C1 I P60C0 

Read/Write 

W 

W 

w 

W 

After reset 

0 0 

0 0 

0 0 

0 0 

Function 

00; PORT input 

01: PORT output 

10: PG03 

11; — 

00: PORT input 

01: PORT output 

10; PG02 

11: — 

00: PORT input 

01; PORT output 

10: PG01 

11: — 

iOO: PORT input 

101: PORT output 

10: PGOO 

11: TXDO 


Prohibit Read -1- 

modify write _| 

-►Setting P60 as TxDO output 


00 

Port input 

01 

Port output 

10 

PGOO output 

11 

TXDO (channelO) output 


P7CRH 

(0017H) 


Port 7 Control Register H 



7 

6 

5 4 

3 2 

1 0 

bit Symbol 



P76C1 ; P76C0 

P75C1 1 P75C0 

P74C1 : P74C0 

ReadA/Vrite 



W 

W 

W 

After reset 



0 0 

0 0 

0 0 

Function 



00: PORT input 

01: PORT output 

10:SCLK1 

11: — 

00: PORT input 

01: PORT output 

10: — 

11: — 

00; PORT input 

01: PORT output 

10: TXD1 

11: — 


Prohibit Read 
modify write 


•Setting P74Txdl output 


00 

Port input 

01 

Port output 

10 

TXD1 (channel 1) output 


Setting P76 as SCLK1 output 


00 

Port input 

01 

Port output 

10 

SCLK1 (channel 1 )output 


Figure 3.10 (10). Port 6, 7 Control Registers 
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7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 







ODE1 

ODEO 

Read/Write 







RW 

After reset 







0 

0 

Function 







P74 

0: CMOS 

1; OPEN 

Drain 

P60 

0: CMOS 

1: OPEN 

Drain 


^ Setting P60 as Open-drain output 


0 

CMOS output 

1 

Open-drain output 


Setting P74 as Open-drain 


0 

CMOS output 

1 

Open-drain output 


Port 3.10 (11). Serial Open Drain Enable Register (ODE) 
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3.10.2 Configuration 

Figure 3.10 (12) shows the block diagram of the serial channel 0. 



Figure 3.10 (12). Block Diagram of the Serial Channel 0 
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Figure 3.10 (13) shows the block diagram of the serial channel 1. 



Figure 3.10 (13). Block Diagram of the Serial Channel 1 
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® Baud Rate Generator 

Baud rate generator connprises a circuit that generates 
transmission and receiving clocks to determine the 
transfer rate of the serial channel. 

The input clock to the baud rate generator, 0TO (fc/4), 
0T2 (fc/16), 0T8 (fc/64), or 0T32 (fc/256) is generated 
by the 9-bit prescaler which is shared by the timers. 


One of these input clocks is selected by the baud rate 
generator control register BR0CR/BR1CR <BR0CK1, 
0/BR1CK1,0>. 

The baud rate generator includes a 4-bit frequency 
divider, which divides frequency by 2 to 16 values to 
determine the transfer rate. 

How to calculate a transfer rate when the baud rate 
generator is used is explained below. 


• UART mode 

Transfer rate = Input clock of baud rate generator 

Frequency divisor of baud rate generator 

• I/O interface mode 

Transfer rate = Input clock of baud rate generator 

Frequency divisor of baud rate generator 

The relation between the input clock and the source clock (fc) is as follows: 

0TO = fc/4 
0T2= fc/16 
0T8= fc/64 
0T32 = fc/256 

Accordingly, when source clock fc is 12.288MHz, input clock is 0T2 (fc/16), and frequency divisor is 5, the transfer rate in 
UART mode becomes as follows: 

Transfer rate = fc/16 

5 

= 12.288 X 10®/16/5/16 = 9600 (bps) 

Table 3.10 (1) shows an example of the transfer rate in UART mode. 

Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.10 (2) shows an example of baud rate using 
timer 0. 

Table 3.10 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) 


Unit (Kbps) 


fc [MHz] 

input Clock 

Frequency^.. 

Divisor 

0TO 

(tc/4) 

0T2 

(fc/16) 

0T8 

(fc/64) 

0T32 

(fc/256) 

9.830400 

2 

76.800 

19.200 

4.800 

1.200 

T 

4 

38.400 

9.600 

2.400 

0.600 

T 

8 

19.200 

4.800 

1.200 

0.300 

T 

0 

9.600 

2.400 

0.600 

0.150 

12.288000 

5 

38.400 

9.600 

2.400 

0.600 

T 

A 

19.200 

4.800 

1.200 

0.300 

14.745600 

3 

76.800 

19.200 

4.800 

1.200 

T 

6 

38.400 

9.600 

2.400 

0.600 

T 

C 

19.200 

4.800 

1.200 

0.300 


Note: Transfer rate in I/O interface mo(je is 8 times as fast as the values given in the above table. 
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Table 3.10 (2) Selection of Transfer Rate (1) (When Timer 0 (Input Clock 0T1) is Used) 


Unit (Kbps) 


fc 

TREGO 

12.288MHz 

12MHz 

9.8304MHz 

8MHz 

6.144MHz 

1H 

96 


76.8 

62.5 

48 

2H 

48 


38.4 

31.25 

24 

3H 

32 

31.25 



16 

4H 

24 


19.2 


12 

5H 

19.2 




9.6 

8H 

12 


9.6 


6 

AH 

9.6 




4.8 

10H 

6 


4.8 


3 

14H 

4.8 




2.4 


How to calculate the transfer rate (when timer 0 is used): 

Transfer rate = fc 

TREGO X8x16 

^ -(When timer 0 (input clock ^T1) is used) 

Input clock of timer 0 
0T1 = ^78 
0T4= ^732 
0T16= ^7128 

Note: Timer 0 match detect signal cannot be used as the transfer clock in I/O interface mode. 


(D Serial Clock Generation Circuit 

This circuit generates the basic clock for transmitting 
and receiving data. 

• I/O interface mode (channel 1 only) 

When in SCLK output mode with the setting of 
SC1CR <IOC> = “0", the basic clock will be generated 
by dividing by 2 the output of the baud rate generator as 
described before. When in SCLK input mode with the 
setting of SCI CR <IOC> = “1", the rising edge or falling 
edge will be detected according to the setting of SC1CR 
<SCLKC> register to generate the basic clock. 

• Asynchronous Communication (UART) mode 


According to the setting of SCOCR and SC1 CR 
<SC1,0>, the above baud rate generator clock, internal 
clock 01 (500Kbps @ fc = 16 MHz), or the match detect 
signal from timer 0 will be selected to generate the basic 
clock SIOCLK. 


(D Receiving Counter 

The receiving counter is a 4-bit binary counter used 
in asynchronous communication (UART) mode and 
counts up by SIOCLK clock. 16 pulses of SIOCLK are 
used for receiving one bit of data, and the data bit is 
sampled three times at 7th, 8th and 9th clock. 

With the three samples, the received data is evalu¬ 
ated by the rule of majority. 

For example, if the sampled data bit is “1", “0” and 
“1” at 7th, 8th and 9th clock respectively, the received 
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data is evaluated as “1 The sampled data “0", “0” and 
“1 ” is evaluated that the received data is “0”. 

® Receiving Control 

• I/O interface mode (channel 1 only) 

When in SCLK1 output mode \A/ith the setting of 
SC1CR <IOC> = “0", RxD1 signal will be sampled at the 
rising edge of shift clock which is output to SCLK pin. 

When in SCLK input mode with the setting SC1CR 
<IOC> = “1", RxD1 signal will be sampled at the rising 
edge or falling edge of SCLK input according to the set¬ 
ting of SC1CR <SCLKS> register. 

• Asynchronous Communication (UART) mode 

The receiving control has a circuit for detecting the 
start bit by the rule of majority. When two or more “0” are 
detected during 3 samples, it is recognized as start bit 
and the receiving operation is started. 

Data being received is also evaluated by the rule of 
majority. 

(D Receiving Buffer 

To prevent overrun error, the receiving buffer has a 
double buffer structure. 


Received data is stored one bit by one bit in the 
receiving buffer 1 (shift register type). When 7 bits or 8 
bits of data are stored in the receiving buffer 1, the stored 
data is transferred to another receiving buffer 2 
(SC0BLIF/SC1BUF), generating an interrupt INTRXO/ 
INTRX1. The CPU reads only receiving buffer 2 
(SC0BUF/SC1 BUF). Even before the CPU reads the 
receiving buffer 2 (SC0BUF/SC1 BUF), the received data 
can be stored in the receiving buffer 1. However, unless 
the receiving buffer 2 (SC0BUF/SC1 BUF) is read before 
all bits of the next data are received by the receiving 
buffer 1, an overrun error occurs. If an overrun error 
occurs, the contents of the receiving buffer 1 will be lost, 
although the contents of the receiving buffer 2 and 
SCOCR <RB8> SC1CR <RB8> are still preserved. 

The parity bit added in 8-bit UART mode and the 
most significant bit (MSB) in 9-bit UART mode are stored 
in SCOCR <RB8>/SC1CR <RB8>. 

When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1 MOD <WU> to “1", and interrupt INTRXO/ 
INTRX1 occurs only when SCOCR <RB8>/SC1 CR 
<RB8> is set to “1 ”. 


(D Transmission Counter 

Transmission counter is a 4-bit binary counter which 
is used in asynchronous communication (UART) mode 
and, like a receiving counter, counts by SIOCLK clock, 
generating TxDCLK every 16 clock pulses. 


SIOCLK JLJIJ_XXJJLJULJUIJ^^ 

15 16 I:; 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 2 


Figure 3.10 (14). Generation of Transmission Clock 
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® Transmission Controller 


• I/O interface mode (channel 1 only) 

In SCLK output mode with the setting of SC1CR 
<IOC> = “0", the data in the transmission buffer are out¬ 
put bit by bit to TxD1 pin at the rising edge of shift clock 
which is output from SCLK1 pin. 

In SCLK input mode with the setting SC1CR <IOC> 
= “1", the data in the transmission buffer are output bit by 
bit to TxD1 pin at the rising edge or falling edge of SCLK 
input according to the setting of SC1 CR <SCLKC> regis¬ 
ter. 

• Asynchronous Communication (UART) mode 

When transmission data is written in the transmission 
buffer sent from the CPU, transmission starts at the rising 


edge of the next TxDCLK, generating a transmission shift 
clock TxDSFT 

Handshake function 

Serial channel 0 has a CTSO pin. Using this pin, data 
can be sent in units of one frame; thus, overrun errors 
can be avoided. The handshake function is enabled/dis¬ 
abled by SCO MOD < CTSE>. 

When the CTSO pin goes high, after completi on of 
the current data send, data send is halted until the CTSO 
pin goes low again. The INTTXO Interrupts are generated, 
requests the next send data to the CPU. 

Though there is no RTS pin, a handshake function 
can be e asily configur ed by setting any port assigned to 
the RTS function. The RTS should be output “High” to 
request data send halt after data receive is completed by 
a software in the RXD interrupt routine. 



Sender Receiver 


Figure 3.10 (15). Handshake Function 
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Timing to write 
transmission buffer 


-TTav- 


Send is suspended I 
from (1) to (2). ^ 




SIOCLK 



TxDCLK 


Ji-Si-ri 


TxD - 


\ start bit 


X bitO 


Note 1: If the CTS signal falls during transmission, the next data is not sent after the 
completion of the current transmission. 

Note 2 : Transmission starts at the first TxDCLK clock fall after the CTS signal falls. 


Figure 3.10 (16). Timing of CTS (Clear to Send) 


® Transmission Buffer 

Transmission buffer (SC0BUF/SC1BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order, using transmission 
shift clock TxDSFT which is generated by the transmis¬ 
sion control. When all bits are shifted out, the transmis¬ 
sion buffer becomes empty and generates INTTXO/ 
INTTXI interrupt. 


® Parity Control Circuit 


When serial channel control register SCOCR <PE>/ 
SC1CR <PE> is set to “1", it is possible to transmit and 
receive data with parity. However, parity can be added 
only in 7-bit UART or 8-bit UART mode. With SCOCR 
<EVEN>/SC1CR <EVEN> register, even (odd) parity can 
be selected. 

For transmission, parity is automatically generated 
according to the data written in the transmission buffer 
SCBUF, and data are transmitted after being stored in 
SCOBUF <TB7>/SC1 BUF <TB7> when in 7-bit UART 
mode while in SCMOD <TB8>/SCMOD <TB8> when in 
8-bit UART mode. <PE> and <EVEN> must be set 
before transmission data are written in the transmission 
buffer. 

For receiving, data is shifted in the receiving buffer 1, 
and parity is added after the data is transferred in the 
receiving buffer 2 (SC0BUF/SC1 BUF), and then com¬ 


pared with SCOBUF <RB7>/SC1 BUF <RB7> when in 7- 
bit UART mode and with SCOMOD <RB8>/SC1 MOD 
<RB8> when in 8-bit UART mode. If they are not equal, a 
parity error occurs, and SCOCR <PERR>/SC1 CR 
<PERR> flag is set 

® Error Flag 

Three error flags are provided to increase the reliabil¬ 
ity of receiving data. 

1. Overrun error <OERR> 

If all bits of the next data are received in receiving 
buffer 1 while valid data is stored in receiving buffer 2 
(SCBUF), an overrun error will occur. 

2. Parity error <PERR> 

The parity generated for the data shifted in receiving 
buffer 2 (SCBUF) is compared with the parity bit received 
from RxD pin. If they are not equal, a parity error occurs. 

3. Framing error <FERR> 

The stop bit of received data is sampled three times 
around the center. If the majority is “0", a framing error 
occurs. 
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Generating Timing 
1) UARTmode 


Receiving 


9-Bit 


8’Bit + Parity 


8-Bit, 7-Bit -I- Parity, 7-Bit 


Interrupt timing 


Framing error timing 


Parity error timing 


Center of last bit (Bit 8) 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 




Center of last bit (parity bit) 


Center of stop bit 


Center of stop bit 


Center of stop bit 


Overrun error timing 


Center of last bit (Bit 8) 


Center of last bit (parity bit) 


Center of stop bit 


Transmitting 



Interrupt timing 


9-Bit 

8-Bit + Parity 

8-Bit, 7-Bit + Parity, 7-Bit 

Just before last bit is transmitted. 

<- 

<r- 


2) I/O Interface mode 


Transmission interrupt tim¬ 
ing 

SCLK output mode 

Immediately after rise of last SCLK signal. (See figure 3.10 (19).) 

SCLK input mode 

Immediately after rise of last SCLK signal (rising mode), or immediately after fall in 
falling mode. (See figure 3.10 (20)) 

Receiving interrupt timing 

SCLK output mode 

Timing used to transfer received data to data receive buffer 2 (SCI BUF); that is, 
immediately after last SCLK. (See figure 3.10 (21)) 

SCLK input mode 

Timing used to transfer received data to data receive buffer 2 (SCI BUF); that is, 
immediately after SCLK. (See figure 3.10 (22)) 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-367 






















TMP96C031N/F 


TLCS-900 16-bit Microcontroller 


3.10.3 Operational Description 

(1) Mode 0 (I/O interface mode) 

This mode is used to increase the number of I/O pins 


for transmitting or receiving data to or from the external 
shifter register. 

This mode includes SCLK output mode to output syn¬ 
chronous clock SCLK and SCLK input mode to input 
external synchronous clock SCLK. 


Output 

extension 


Input 

extension 



TC74HC595or TC74HC165or 

the like the like 


Figure 3.10 (17). Example of SCLK Output Mode Connection 


Output port 
extension 


Input port 
extension 



Figure 3.10 (18). Example of SCLK input Mode Connection 
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® Transmission time the CPU writes data in the transmission buffer. When 

all data is output, INTES1 <ITX1 C> will be set to generate 
In SCLK output mode, 8-bit data and synchronous clock INTTX1 interrupt, 

are output from TxD pin and SCLK pin, respectively, each 


transmission 

data 

SCLK output 
TxD 

TXDSFT 



- 




t_J L_* Lhv-^ L_J L_J 

X bitO X bit 1 

jQr 

X bit6_ 



_n_ 


_n_ 

Jl_ 

JI_ 


ITX1C (INTTX1__ if. 

interrupt request) 


Figure 3.10 (19). Transmitting Operation in I/O Interface Mode (SCLK Output Mode) 


In SCLK output mode, 8-bit data are output from TxD1 
pin when SCLK input becomes active while data are 
written in the transmission buffer by CPU. 


When all data are output, INTES1 <ITXIC> will be set 
to generate INTTX1 interrupt. 


SCLK input 

(SCLKC = 0: Rising edge mode) 



SCLK input 

(SCLKC = 1: Falling edge mode) 


TxD 

y bito )r 

bill bits X bit6 


TxDSFT _ 

_n_ 

——n— 

Jl_ 


ITX1C (INTTXI-^V 

interrupt request) 



Figure 3.10 (20). Transmitting Operation in I/O Interface Mode (SCLK Input Mode) 
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(D Receiving 

In SCLK output mode, synchronous clock is output 
from SCLK pin and the data is shifted in the receiving 
buffer 1 whenever the receive interrupt flag INTES1 


<IRX1C> is cleared by reading the received data. 
When 8-bit data are received, the data will be trans¬ 
ferred in the receiving buffer 2 (SCI BUF) at the timing 
shown below, and INTES1 <IRX1C> will be set again 
to generate INTRX1 interrupt. 



bitO 


runiiig to shift data in 
the receiving buf fer 2 


bill X~bit6 X b'tr y 

Ltl 


Generate 

INTRXl 


Figure 3.10 (21). Receiving Operation in I/O Interface Mode (SCLK Output Mode) 


In SCLK input mode, the data is shifted in the receiving 
buffer 1 when SCLK input becomes active, while the 
receive interrupt flag INTES1 <IRX1 C> is cleared by read¬ 
ing the received data. When 8-bit data is received, the 


data will be shifted in the receiving buffer 2 (SCI BUF) at 
the timing shown below, and INTES1 <IRX1 C> will be set 
again to generate INTRX interrupt. 


SCLKinput 

(SCLKC = 0; Rising edge mode) 


SCLK input ' 

(SCLKC = 1: Falling edge mode) 


RxD 

Timing toshiftdata 
in the receiving 
buffer 2 



J~l_r 


bitO X X bite X 


Generate 

INTRXl 


y 

n 


Figure 3.10 (22). Receiving Operation in I/O Interface Mode (SCLK Input Mode) 


Note: For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = “1 ”) 
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(2) Mode 1 (7-bit UART Mode) 

The 7-bit mode can be set by setting serial channel 
mode register SCOMOD <SM1,0> /SC1 MOD <SM1, 
0> to “01”. 

In this mode, a parity bit can be added, and the addi¬ 
tion of a parity bit can be enabled or disabled by serial 
channel control register SCOCR <PE>/SC1 OR <PE>, 


and even parity or odd parity is selected by SCOCR 
<EVEN>/SC1CR <EVEN> when <PE> is set to “1” 
(enable). 

Setting example: When transmitting data with the fol¬ 
lowing format, the control registers 
should be set as described below. 
Channel 0 is explained here. 



Direction of transmission (transmission rate: 2400 bps fc = 12.288 MHz) 




7 

6 

5 

4 

3 

2 

1 

0 

P9CRL 

<- 

- 

- 

- 

- 

- 

- 

1 

1 

SCOMOD 

<— 

X 

0 

- 

X 

0 

1 

0 

1 

SCOCR 

<- 

X 

1 

1 

X 

X 

X 

0 

0 

BROCR 

<- 

0 

X 

1 

0 

0 

1 

0 

1 

TRUN 

<- 

X 

X 

1 

- 

- 

- 

- 

- 

INTESO 

<- 

1 

1 

0 

0 

- 

- 

- 

- 

SCOBUF 

<- 

* 

* 

* 

* 

* 

* 

* 

* 

Note: x; don’t 

care 

no change 







(3) Mode 2 (8-bit UART Mode) 

The 8-bit UART mode can be specified by setting 
SCOMCD <SM1,0> / SCI MCD <SM1,0> to “10”. In 
this mode, parity bit can be added, the addition of a 
parity bit is enabled or disabled by SCOCR <PE>/ 


Select P60 as the TxD pin. 

Set 7-bit UART mode. 

Add an even parity. 

Set transfer rate at 2400 bps. 

Start the prescaler for the baud rate generator. 
Enable INTTXO interrupt and sets interrupt level 4. 
Set data for transmission. 


SCI CR <PE>, and even parity or odd parity is selected 
by SCOCR <EVEN>/SC1CR <EVEN> when <PE> is 
set to “1” (enable). 

Setting example: When receiving data with the follow¬ 
ing format, the control register 
should be set as described below. 



Direction of transmission (transmission rate: 9600 bps@ fc= 12.288 MHz) 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-371 









TMP96C031N/F 


TLCS-900 16-bit Microcontroller 


Main setting 




7 

6 

5 4 

3 

2 

1 

0 


P9CRL 

<- 

- 

- 

- - 

0 

0 

- 

- 

Select P61 (RxD) as the input pin. 

SCOMOD 

<- 

- 

0 

1 X 

1 

0 

0 

1 

Enable receiving in 8-bit UART mode. 

SCOCR 

<- 

X 

0 

1 X 

X 

X 

0 

0 

Add an odd parity. 

BROCR 

<- 

0 

X 

0 1 

0 

1 

0 

1 

Set transfer rate at 9600 bps. 

TRUN 


X 

X 

1 

- 

- 

- 

- 

Start the prescaler for the baud rate generator. 

INTESO 

<- 

- 

- 

- - 

1 

1 

0 

0 

Enable INTTXO interrupt and sets interrupt level 


Interrupt processing 
Acc<-SC0CR and 00011100 n 

if Acc;<i0 then ERROR ^ 

Acc^SCOBUF 

Note: x; don’t care 


Check for error. 

Read the received data, 
no change 


(4) Mode 3 (9-bit UART Mode) 

9-bit UART mode can be specified by setting 
SCOMOD <SM1,0> /SC1MOD <SM1,0> to “11”. In 
this mode, parity bit cannot be added 
For transmission, the MSB (9th bit) is written in SCMOD 
<TB8>, while in receiving it is stored in SCCR <RB8>. 
For writing and reading the buffer, the MSB is read or 
written first, then SCOBUF/SC1BUF. 


Wake-uD function 

In 9-bit UART mode, the wake-up function of slave 
controllers is enabled by setting SCOMOD <WU> / 
SCI MOD <WU> to “1 The interrupt INTRX1/INTRXO 
occurs only when <RB8> = 1 



Note : TxD pin of the slave controllers must be in open drain output mode. 


Figure 3.10 (23). Serial Link Using Wake-Up Function 
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Protocol 

© Select the 9-bit DART mode for master and slave 
controllers. 


(3) The master controller transmits one-frame data 
including the 8-bit select code for the slave control¬ 
lers. The MSB (bit 8) <TB8> is set to “1 


@ Set SCOMOD <WU>/SC1 MOD <WU> bit of each 
slave controller to “1 ” to enable data receiving. 



Select code of slave controller " 1" 


@ Each slave controller receives the above frame, and 
clears WU bit to “0” if the above select code matches 
its own select code. 


(D The master controller transmits data to the specified 
slave controller whose SCOMOD <WU> / SC1 MOD 
<WU> bit is cleared to “0.” The MSB (bit 8) <TB8> is 
cleared to “0”. 



(D The other slave controllers (with the <WU> bit remain¬ 
ing at “1 ”) ignore the receiving data because their 
MSBs (bit 8 or <RB8>) are set to “0” to disable the 
interrupt INTRX0/INTRX1. 


The slave controllers (WU = 0) can transmit data 
to the master controller, and it is possible to indicate 
the end of data receiving to the master controller by 
this transmission. 
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Setting Example: To link two slave controllers serially the internal clock 01 (fc/2) as the transfer clock, 
with the master controller, and use 



Select code Select code 

00000001 00001010 


Since serial channels 0 and 1 operate in exactly the way, channel 0 is used for the purposes of explanation, 
same 

• Setting the master controller 
Main setting 

P6CRL 0 0 1 1 Select P60 as TxD pin and P61 as RxD pin. 

INTESO <-11001101 Enable INTTXO and sets the interrupt level 4. 

Enable INTRXO and sets the interrupt level 5. 

SCOMOD <-10101110 Set 01 (fc/2) as the transmission clock in 9-bit UART mode. 

SCOBUF <-00000001 Set the select code for slave controller 1. 

INTTXO interrupt 

SCOMOD ^-0 - -- -- - SetTB8to“0”. 

SCOBUF ^ ******* * Set data for transmission. 

• Setting the slave controller 2 
Main setting 

P6CRL <-xx----0lA Select P61 as RxD pin and P60 as TxD pin. 

ODE <-xxxxxx-1 

INTESO <-11011110 J Enable INTRXO and INTTXO. 

SCOMOD <-00111110 Set <WU> to “T in the 9-bit UART transmission mode with transfer 

clock 01 (fc/2). 

INTRXO interrupt 
Acc <- SCOBUF 
If Acc = Select Code 

ThenSCOMOD4 - Clear <WU> to T. 
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3.11 Analog/Digital Converter 

The TMP96C031F contains a high-speed analog/digital con¬ 
verter (A/D converter) with 4-channel analog input that features 
10-bit successive approximation. 


Figure 3.11 (1) shows the block diagram of the A/D con¬ 
verter. The 4-channel analog input pins (AN3 to ANO) are 
shared by input-only P5 and so can be used as input port. 


Internal bus 



Figure 3.11 (1). Block Diagram of A/D Converter 

Note1: This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sample and 
hold circuit externally. 

Note2: The lower the power supply current in IDLE or STOP mode, depending on the timing, standby mode can be entered with the internal comparator in 
enable state. Thus, stop /VD conversion before executing the HALT instruction. 

The ladder resistor between VREF- GND cannot be disconnected internally. Therefore, IREF will flow regardless of the mode. 
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3.11.1 Control Register 


ADMOD 

(005EH) 



7 

6 

5 

4 

3 

2 

1 0 

bit Symbol 

EOCF 

ADBF 

REPET 

SCAN 

ADCS 

ADS 

ADCH1 ; ADCHO 

Read/Wri le 


RAN 

R/W 

R/W 

R/W 

After reset 

0 

0 

0 

0 

0 

0 

0 0 

Function 

1: END 

1; BUSY 

1: Repeat; 

Mode Set ; 

1:Scan 

Mode Set 

1: Low 
speed 
mode 

1: START 

Analog Input 
Channel Select 


_ \ _ 

_ \ _1_1_ \ _1 


Analog input channel select 



Normal 

Scan mode 

00 

ANO 

ANO 

01 

AN1 

ANO-^AN 1 

10 

AN2 

AN0->AN1-»AN2 

11 

AN3 

AN0-»AN 1 -»AN2-»AN3 


A/D conversion start 


0 

— 

1 

Start A/D conversion. 


Note) Always "O'* when data is read. 
A/D conversion speed selection 


0 A/D High speed conversion mode: 95 states = 9.5//S (@20l\/IHz) 
1 A/D Low speed conversion mode : 190 states = 19//s(@20MH2) 


Specification of A/D scan mode 

0 

Fixed A/D conversion channel mode 

1 

A/D conversion channel scan mode 


Selecting A/D repeat mode 


0 AID conversion single mode 
1 A/D conversion repeat mode 
A/D conversion busy flag 

0 A/D conversion not busy 
1 A/D conversion busy 
A/D conversion end flag 
0 AJD conversi on not ended nor started 
1 A/D conversion ended 


Figure 3.11 (2). A/D Converter Mode Register (ADMOD) 
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ADREGO 

(0060H) 


ADREG1 
(0061H) 


Register for saving an A/D switch value for ANO 


Register for saving an A/D switch value for AN 1 



7 6'5:4:3i2ili0 

bit Symbol 

- 

Read/Write 

R 

After reset 

Undefined 

Function 

Channel 0 of A/D conversion result register is stored. 



7:6i5;4 3;2i l|o 

bit Symbol 

- 

Read/Write 

R 

After reset 

Undefined 

Function 

Channel 1 of A/D conversion result register is stored. 


ADREG2 

(0062H) 


Register for saving an A/D switch value for AN2 



7 6:5i4i3i2ili0 

bit Symbol 

- 

Read/Write 

R 

After reset 

Undefined 

Function 

Channel 2 of A/D conversion result register is stored. 


ADREG3 

(0063H) 



7 

6 i 5 1 4 i 3 I 2 i 1 


bit Symbol 

- 

Read/Wri le 

R 

After reset 

Undefined 

Function 

Channel 3 of /V/D conversion result register is stored. 


Register for saving an AJD switch value for AN3 


Figure 3.11 (3). Register for Saving an A/D Switch Value (ADREGO 3) 
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3.11.1 Operation 

(1) Analog Reference Voltage 

High analog reference voltage is applied to the VREF 
pin. 

The reference voltage between VREG and AGND is 
divided by 256 using ladder resistance, and compared 
with the analog input voltage for A/D conversion. 

(2) Analog Input Channels 

Analog input channel is selected by ADMOD <ADCH1, 
0>. However, in fixed analog input mode, one channel 
is selected by ADMOD <ADCH1,0> among four pins: 
ANO to AN3. 

In analog input channel scan mode, the number of 
channels to be scanned from ANO is specified by 
ADMOD <ADCH1,0>, such as ANO -> AN1, ANO 
AN1 AN2, and ANO -> AN1 AN2 AN3. 

When reset, A/D conversion channel register will be ini¬ 
tialized to ADMOD <ADCH1,0> = 00, so that ANO pin 
will be selected. 

The pins which are not used as analog input channel 
can be used as ordinary input port P5. 

(3) Starting A/D Conversion 

A/D conversion starts when /VD conversion register 
ADMOD <ADS> is written “1". When /VD conversion 
starts, /VD conversion busy flag ADMOD <ADBF> 
which indicates “/VD conversion is in progress” will be 
set to “1". 

(4) /VD Conversion Mode 

Both fixed A/D conversion channel mode and /VD con¬ 
version channel scan mode have two conversion 
modes, i.e., single and repeat conversion modes. 

In fixed channel repeat mode, conversion of specified 
one channel is executed repeatedly. 

In scan repeat mode, scanning from ANO, ^ AN3 is 
executed repeatedly. 

/VD conversion mode is selected by ADMOD <REPET, 
SCAN>. 


(5) A/D Conversion Speed Selection 

There are two A/D conversion speed modes: high 
speed mode and low speed mode. The selection is 
executed by ADMOD <ADCS> register. 

When reset, ADMOD <ADCS> will be initialized to “0,” 
so that high speed conversion mode will be selected. 

(6) /VD Conversion End and Interrupt 

• /VD conversion single mode 

ADMOD <EOCF> for A/D conversion end will be set to 
“1,” ADMOD <ADBF> flag will be reset to “0,” and 
INTAD interrupt will be enabled when A/D conversion 
of specified channel ends in fixed conversion channel 
mode or when /VD conversion of the last channel ends 
in channel scan mode. 

(7) Storing the A/D Conversion Result 

The results of A/D conversion are stored in ADREGO to 
ADREG3 registers for each channel. In repeat mode, 
the registers are updated whenever conversion ends. 
ADREGO to ADREG3 are read-only registers. 

(8) Reading the /VD Conversion Result 

The results of /VD conversion are stored in ADREGO to 
ADREG3 registers. When the contents of one of 
ADREGO to ADREG3 registers are read, ADMOD 
<EOCF> will be cleared to “0". 

Setting example: ® When the analog input volt¬ 
age of the AN3 pin is A/D 
converted and the result is 
stored in the memory 
address'FF1 OH by/VD 
interrupt INTAD routine. 
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Main setting 

INTEOAD 4- 1 1 0 0 X X X X 

ADMOD <- X X 0 0 0 1 1 1 


INTAD routine 

P A <- ADREG3 

- {FF10H) 4- A 


Setting example: ® When the analog pin voltage of 

ANO ~ AN2 pin is A/D converted in 


INTEOAD 4- 1 
ADMOD ^ X 


Note: x; don’t care no change 


3.12 Watchdog Timer (Runaway Detecting Timer) 

The TI\/IP96C031 F is containing watchdog timer of Runaway 
detecting. 

The watchdog timer (WDT) is used to return the CPU to 
the normal state when it detects that the CPU has started to 
malfunction (runaway) due to causes such as noise. When the 
watchdog timer detects a malfunction, it generates a non¬ 


Enable INTAD and sets interrupt level 4. 

Specify AN3 pin as an analog input channel and starts 
A/D conversion in high speed mode. 


The value of ADREG3 is read into the accumulator. Then the accumulator 
value is stored into memory at FF10H. 


high speed conversion channel scan repeat 
mode. 


maskable interrupt to notify the CPU of the malfunction, and 
outputs 0 externally from watchdog timer out pin WDTOUT to 
notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin 
internally forces a reset. 

A built-in function is used to stop the WDT count at bus 
release request (BUSRQ). 


0 0 X X X X X Disable INTAD. 

X 1 1 0 1 1 0 Start the A/D conversion of analog input channels ANO ~ AN2 

in the high-speed scan repeat mode. 
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3.12.1 Configuration 

Figure 3.12 (1) shows the block diagram of the watchdog timer (WDT). 



Figure 3.12 (1). Block Diagram of Watchdog Timer 
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The watchdog timer is a 22-stage binary counter which 
uses 0 (fc/2) as the input clock. There are four outputs from the 
binary counter: 2''®/fc, 2’'®/fc, 2^°/fc, and 2^^/fc. Selecting one 
of the outputs with the WDMOD register generates a watch¬ 
dog interrupt, and outputs watchdog timer out when an over¬ 
flow occurs. _ 

Since the watchdog timer out pin (WDTOUT) outputs “0” 
due to a watchdog timer overflow, the peripheral devices can 
be reset. 

Clearing the watchdog timer (by writing the clear code 
(4EH) to the WDCR) after disabling it sets 0 to output to 1 (Pro¬ 
gram example). 

LDW (WDMOD), 0B100H ; disables 

watchdog timer 


LD (WDCR), 4EH ; writes clear code 

SET 7, (WDMOD) ; enables watchdog 

timer again. 


In other words, the WDTOUT keeps outputting “0” until 
the clear code is written. 

The watchdog timer out pin can also be connected to the 
reset pin in ternally. In this case, the watchdog timer out pin 
(WDTOUT) outputs 0 at 8 to 20 states (800ns to 2.0 ms @ 
20MHz) a nd resets itself. 

The WDTOUT (also used as P67) is multiplexed with pin 
PG13; s etting mus t be done using the port 6 control register, 
P6CRH (WDTOUT pin is set after reset). 



Figure 3.12 (2). Normal Mode 


Over flow 

WDT Counter n 

WDT Interrupt _ I | 


WDTOUT 
(Internal Reset) 



Figure 3.12 (3). Reset Mode 
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3.12.2 Control Registers 

Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 

(1) Watchdog Timer Mode Register (WDMOD) 

© Setting the detecting time of watchdog timer 
<WDTP> 

This 2-bit register is used to set the watchdog timer 
interrupt time for detecting the runaway. This register is 
initialized to WDMOD <WDTP1,0> = 00 when reset, 
and therefore 2^^/fc is set. (The number of states is 
approximately 32,768.) 

(D Watchdog timer enable/disable control register 
<WDTE> 

When reset, WDMOD <WDTE> is initialized to “1” 
enable the watchdog timer. 


• Disable control 


WDMOD <_ 0 - - - - 
WDCR <-10110 


• Enable control 

Set WDMOD <WDTE> to “1". 


WDCR ^01001110 


To disable, it is necessary to clear this bit to “0” and 
write the disable code (B1H) in the watchdog timer 
control register WDCR. This makes it difficult for the 
watchdog timer to be disabled by runaway. 

However, it is possible to return from the disable state 
to enable state by merely setting <WDTE> to “1 

(D Watchdog timer out reset connection <RESCR> 

This register is used to conne ct the output of the 
watchdog timer with RESET terminal, internally. Since 
WDMOD <RESCR> is initialized to 0 at reset, a reset 
by the watchdog timer will not be performed. 

(2) Watchdog Timer Control Register (WDCR) 

This register is used to disable and clear the binary 
counter of the watchdog timer function. 


- X X Clear WDMOD <WDTE> to “0". 

0 0 1 Write the disable code (B1H). 


• Watchdog timer clear control 

The binary counter can be cleared and resume count¬ 
ing by writing clear code (4EH) into the WDCR register. 


Write the clear code (4EH). 
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WOMOD 

(OOSCH) 



7 

6 

5 

4 

3 2 

1 

0 

bit Symbol 

WDTE 

WDTP1 

WDTPO 

WARM 

HALTM1 : HALTMO 

RESCR 

DRVE 

Read/Wrile 

R/W 1 

After reset 

1 

0 

0 

0 

0 0 

0 

0 


WDT 

Select detecting time 

Warming 

Standby mode 

1: 

1: 


control 

00: 216/fc 


Up time 

00: RUN mode 

Internally 

Drive the 

Function 


01: 2ie/fc 



01: STOP mode 

connects 

pin even in 

1; Enable 

10: 220/fc 

11: 222/fc 


0: 2i«/fc 
1:2’6/fc 1 

10: IDLE mode 

11: Don't care 

WOT out to 

the reset pm 

STOP mode 


_1_1 1 1_1_1 



^ DRVE (explanation by stop mode) 


0 



1 

Connects WDT out to a reset 


Select the standby mode HALT instruction 


00 

RUN mode (Only the CPU stops) 

01 

STOP mode (All circuits stop) 

10 

IDLE mode (Only the oscillator operates) 

11 

Don't care 

J 

Select the detecting period of watchdog 
timer 


0 

21^/fc (approx. 0.8ms @20MHz) 


1 

2’6/fc (approx. 3.3ms @20MHz) 



Select the detecting time of watchdog timer 


00 

216/fc (approx. 3.3ms (S20MHz) 

01 

216/fc (approx. 13.1ms@20MHz) 

10 

220/fc (approx. 52.4ms @20MHz) 

11 

22i/fc (approx. 209ms @20MHz) 


Watchdog timer Enable / Disable control 
0 I Disable 


1 Enable 


Figure 3.12 (4). Watchdog Timer Mode Register 
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WDCR 

(005DH) 



7;6i5i4:3:2:iio 

bit Symbol 

- 

Read/Write 

w 

After reset 

- 

Function 

81H : WDT disable code 

4EH : WDT clear code 




1. . > Disable/clear WDT 


B1H 

Disable code 

4EH 

Clear code 

Others 

- 


Figure 3.12 (5). Watchdog Timer Controi Register 
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3.12.3 Operation 

The watchdog timer generates interrupt INTWD after the 
detecting time set in the WDMOD <WDTP1,0> register and 
outputs a low level signal. The watchdog timer must be zero- 
cleared by software before an INTWD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INTWD Interrupt and it is possible to return to normal oper¬ 


ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices’ resets, a CPU 
malfunction can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after 
resetting is released. 

The watchdog timer stops its operation in the IDLE and 
STOP modes. In the RUN mode, the watchdog timer is 
enabled. 

However, the function can be disabled when entering the 
RUN mode. 


Example: ® Clear the binary counter 

WDCR <-01001110 Write clear code (4EH). 

(D Set the watchdog timer detecting time to 2^®/fc 
WDMOD 1 0 1 - - - X X 

(D Disable the watchdog timer 

WDMOD <- 0 ----- X X Clear WDTE to "0". 

WDCR <- 1 0 1 1 0 0 0 1 Write disable code (B1H). 

@ Set IDLE mode 

WDMOD <-0---1 Oxx Disables WDT and sets IDLE mode. 

WDCR ^ 1 0 1 1 0 0 0 1 

Executes HALT command Set the standby mode 

(D Set the STOP mode (warming up time: 2^®/fc) 

WDMOD <- - - - 1 0 1 X x Set the STOP mode. 

Executes HALT command Execute HALT instruction. Set the standby mode. 

2) Writing 1 to the P4FC <BUSWDT> register halts count by request signal, BUSRQ. 

the WDT binary counter at bus release due to the bus 
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3.13 Dynamic RAM (DRAM Controller 

The TMP96C031F consists of a control circuit to refresh 


DRAM, an access circuit to perform read/write, and an 
address decoder. 

Rgure 3.13 (1) shows a block diagram of the DRAM controller. 
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Figure 3.13 (1). DRAM Controller 


3.13.1 Control Register 


“1 ^^ I—I \—^^—I ^—I I—I I—l_J—L 



Figure 3.13 (2). Chip Select Wait Control Register (B3CS) 
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Figure 3.13 (3). Port 4 Function Register 
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7 

6 

5 4 

3 1 2 ! 1 j 0 


OMI 

RS2 

RSI RSO 

RW2 RW1 i RWO RC 

Read/Wrtte 

R/W 1 

After reset 

0 

o 

o 

o 

o 

o 

0 

function 

Dummy 

cycle 

0: Prohibit 

1: Execute 

Refresh eye 
000 

001 

010 

oil 

100 

101 

110 

111 

e insertion interval 

15 states 

31 states 

62 states 

78 states 

97 states 

109 states 

124 states 

154 states 

Refresh cycle width 

000; 2 states 

001; 3 states 

010: 4 states 

Oil: S states 

100; 6 states 

101; 7 states 

110: 8 states 

111:9 states 

Refresh cycle 

0: Not 

inserted 

1; Inserted 


—►Refresh cycle control 


0 

Do not insert refresh cycle 

1 

Insert refresh cycle 


’-►Refresh cycle width control 


RW2 

RW1 

RWO 

Refresh cycle width 

0 

0 

0 

2 states 

0 

0 

1 

3 states 

0 

1 

0 

4 states 

0 

1 

1 

5 states 

1 

0 

0 

6 states 

1 

0 

1 

7 states 

1 

1 

0 

8 states 

1 

1 

1 

9 states 


■Refresh cycle insertion interval 
See Table 3.13 (2). 


-►Dummy cycle control 


0 

Prohibit dummy cycle 

1 

Execute dummy cycle 


Figure 3.13 (4). Refresh Control Register 
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3.13.2 Operation Description accessed. 

In addition, a DMUX signal is output for row address/ 
(1) Read/Write Control column address switching. 

Figure 3.13 (6) shows the RAS, CAS, and DMUX out- 

The read/write controller outputs valid signals RAS and PUt timing diagram during memory access cycle. 

CAS to DRAM when address space sp ecified by t he 
internal address decoder (chip select 2 CS3/CAS) is 



Figure 3.13 (5). Memory Access Cycle Timing 
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How to set the registers is described next. Figure 3.13 (2) shoes the structure of the chip select 

__ wait control register B3CS. B3C S <B3E> can be used to 

(1) Setting the RAS, CAS, DMUX, and RFSH output control the output of CS 3/CAS and BSCS <B3CAS> can 

be used to control CAS selection. 


(RAS) 

(DMUX) 

(RFSH) 

(CS3/CAS) 



B3CS register 


Figure 3.13 (6). Relationship Between Address Decoder and DRAM Controller 


The RAS, CAS, DMUX, and RFSH signals must be 
set with the corresponding port control register because 
they are multiplexed with P35, P43, P71, and P63 
respectively. 


(D Inserting WAIT 

WAIT insertion during read/write control can be set 
with the register BSCS <B3W1,0>. 


MCU900-390 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 








TLCS-900 16-bit Microcontroller 


TMP96C031N/F 


(2) Refresh Controller 

The TMP96C031F can output RAS/CAS used to 
refresh in DRAM. At the same time the state signal 
RFSH which indicates a refresh cycle is output. 

DRAM can be refreshed easily because RAS/CAS out¬ 
put frequency and pulse width are programmable. 

The refresh controller has the following features. 

• Refresh mode: CAS before RAS interval refresh 

mode 

CAS before RAS self refresh mode 

• Refresh interval: 15 to 154 states (programmable) 


• Refresh cycle is asynchronous with CPU operation 
cycle. 

i) CAS before RAS interval refresh mode 

The r efresh interval and refresh width for CAS before 
RAS interval refresh mode depends on the DRAM 
being used. 

Therefore, TMP96C031F enables the CAS before RAS 
output to be set with the refresh controller register 
value according to the system clock and DRAM that 
are being used. 

Figur e 3.13 (2) shows a timing example for CAS before 
RAS refresh cycle. 


• Refresh cycle width: 2 to 9 states (programmable) 

• Dummy cycle can be generated 




a) When the refresh cycle width b) When the refresh cycle width 

is set to 2 states is set to 3 states 


Figure 3.13 (7). Refresh Cycle Timing Example 


Flow to set the register is described next. 

Figure 3.13 (4) shows the bit structure of the refresh con¬ 
trol register DREFCR. 

® Refresh cycle insertion interval 


The insertion interval is set with the three bits DREFCR 
<RS2 to 0> according to the system clock being used. 

Example: When the system clock is 20MFiz and the 
DRAM refresh cycle is to be 16|is, set these 
bits to “111”. 
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Table 3.13 Refresh Cycle Insertion Interval 


Refresh Cycle 

Insertion 

Interval 

(states) 

Frequency (fosc) 1 

4MHz 

8MHz 

10MHz 

12.5MH 

z 

14MHz 

16MHz 

20MHz 

RS2 

RSI 

RSO 

_ 

0 

0 


15 

WBBM 

IBQI 

3.0 

2.4 




0 

0 


31 

Baa 

BBS 

6.2 




3.1 


1 

0 


bei 

@19 


9.92 

8.86 

7.75 

6.2 

mm 

1 

1 


IQQI 

19:5 

Bpa 




7.8 

1 

0 

0 

97 

IQQII 






9.7 

1 


1 








10.9 

mm 

1 









12.4 

1 

1 

^ 1 

154 



30.8 

24.7 





(Unit: yt/s) 


(D The three bits DREFCR <RW 2 to 0> can used to 
change the refresh cycle width (RAS, CAS output). (2 
to 9 states) 

(D Refresh cycle control 

The refresh cycle can be disabled/enable with the bit 
DREFCR <RC>. 


ii) CAS before RAS self refresh mode 

This mode is used when CPU or DRAM control is 
halted with a H ALT ( I DEL, STOP ) instruction while 
refreshing with CAS before RAS interval refresh mode 
(hereafter referred to as interval mode). 

However, RFSH is not output. (“1 ” is output.). 

Figure 3.13 (8) shows the self refresh mode timing dia¬ 
gram. 



Figure 3.13 (8). Self Refresh Cycle Timing 


This mode is executed as follows. First, the settings are 
made for normal interval mode Then, B3CS <SRFC> is 
set to “0” just before a H ALT ins truction to pe rform one 
normal refresh. Then, the CAS pin and RAS pin are 
kept at low level and self refresh mode is entered. Set 


BSCS <S RFC> to “1 ” to ca ncel this mode and return 
to no rmal C AS b efore RAS refresh mode. (The first 
CAS before RAS refresh is performed immediately after 
cancellation because the refresh counter is cleared.) 
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(3) DRAM initialize to “1 ” and cancelled by setting it to “0”. (The <RC> bit 

need not be changed.) 

The D RAM controller can generate consecutive CAS The dumnny cycle width i s fixed to 4 states, 

before RAS dunnmy cycles necessary when using Figure 3.13 (9) shows the CAS before RAS dummy 

DRAM. This is executed by setting DREFCR <DMI> bit cycle timing. 



Figure 3.13 (9). CAS before RAS Dummy Cycle Timing (Fixed to 4 states) 


3.13.4 Priority the cycle that starts operation first. If the priority is given to the 

The DRAM refresh cycle may overlap with the DRAM read/ refresh cycle, a wait is automatically inserted in the memory 

write cycle because it is not synchronized with the CPU oper- access cycle. Figure 3.13 (8) shows the timing in this case, 

ating cycle. In this case, the DRAM controller gives priority to 
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Figure 3.13 (101). Tinning Diagram when Refresh Cycle is Inserted in Memory Access Cycle 
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4. Electrical Characteristics 

4.1 Absolute Maximum (TMP96C031F) 


Symbol 

Parameter 

Rating 

Unit 

Vcc 

Power Supply Voltage 

-0.5 ~ 6.5 

V 

VIN 

Input Voltage 

-0.5 ~ Vcc+ 0.5 

V 

2I0L 

Output Current (total) 

100 

mA 

SlOH 

Output Current (total) 

-100 

mA 

PD 

Power Dissipation (Ta = 70°C) 

600 

mW 

TSOLDER 

Soldering Temperature (10s) 

260 

°C 

TSTG 

Storage Temperature 

-65-150 

°C 

TOPR 

Operating Temperature 

-20-70 

°C 
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4.2 DC Characteristics (TMP96C031F) 

Vcc = 5V ± 10%, Ta = -20 -- 70"C (Typical values are for Ta = 25°C and = 5V) 


Symbol 

Parameter 

Min 

Max 

Unit 

Test Condition 

VIL 

Input Low Voltage (ADO-15) 

-0.3 

0.8 

V 


VIL1 

P2, P3. P4. P5. P6. P7, P8, P9 

-0.3 

0.3Vcc 

V 


VIL2 

RESET, NMI, INTO (P87) 

-0.3 

0.25Vcc 

V 


VIL3 

AM8/EA 

-0.3 

0.3 

V 


VIL4 

XI 

-0.3 

0.2Voc 

V 


VIH 

Input High Voltage (ADO-15) 

2.2 

Vcc+ 0.3 

V 


V1H1 

P2, P3. P4. P5, P6. P7, P8. P9 

O.TVcc 

Vcc+ 0.3 

V 


VIH2 

RESET. NMI. INTO (P87) 

0.75Vcc 

Vcc+ 0.3 

V 


VIH3 

EA 

Vcc-0.3 

Vcc+ 0.3 

V 


VIH4 

XI 

0.8Vcc 

Vcc+ 0.3 

V 


VOL 

Output Low Voltage 


0.45 

V 

IOL = 1.6mA 

VOH 

Output High Voltage 

2.4 


V 

IOH = -400nA 

V0H1 


0.75Vcc 


V 

IOH = -100mA 

V0H2 


0.9Vcc 


V 

IOH= -20mA 

IDAR 

Darlington Drive Current 
(8 Output Pins max.) 

-1.0 

-3.5 

mA 

VEXT-1.5V 

REXT = 1.1Ki2 

ILI 

Input Leakage Current 

0.02(fypj 

. 


0.0 ^ Vjn ^ V(^ 

ILO 

Output Leakage Current 

0.05 (Typ) 

±10 

pA 

0.2sVi„SVcc-0.2 

1 cc 

Operating Current (RUN) 

IDLE 

STOP(Ta = -20~70°C) 

STOP(Ta = 0~50°C) 

30(Typ) 

2.0 (Typ) 

0.2 (Typ) 

60 

10 

50 

10 

mA 

mA 

pA 

pA 

tosc = 20MHz 

0.2<Vin<Vcc-0.2 

0.2<Vin<Vcc-0.2 

. 

VSTOP 

Power Down Voltage 
(©STOP. RAM Back up) 

2.0 

6.0 

I. 

V 

VIH2 = 0.8Vcc 

RRST 

RESET Pull Up Register 

50 

150 

m 


CIO 

Pin Capacitance 


10 

PF 

tosc = 1MHz 

VTH 

Schmitt Width 

0.4 

1.0 (Typ) 

y 


RESET, NMI, INTO (P50) 



RK 

Pull Down/Up Register 

50 

150 

Kn 



Note: i-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C031F)Vcc = 5V±10%,Ta =-20 ~ 70°C (4MHz - 20MHz) 


No. 

Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

1 

^osc 

Osc. Period (= x) 

50 

250 

62.5 


50 


ns 

2 

tlK 

CLK width 

2X-40 


85 


60 


ns 

3 

k 

A0-23Valid->CLKHoid 

0.5X-20 


11 


5 


ns 

4 

tKA 

CLKValid^AO-23 Hold 

1.5X-70 


24 


5 


ns 

5 

Ul 

AO-15 Valid-^ALE fall 

0.5X-15 


16 


10 


ns 

6 

^LA 

ALE fall->A0-15Hold 

0.5X-15 


16 


10 


ns 

7 

III 

ALE High width 

x-40 


23 


10 


ns 

8 

^LC 

ALE falURD/WRfall 

0.5X-30 


1 


-5 


ns 

9 

ki 

M/WR rise^ALE rise 

0.5X-20 


11 


5 


ns 

10 

kci 

A0-15Valid->^/WRfall 

x-25 


38 


25 


ns 

11 

UcH 

A0-23Valid->RD/WRfall 

1.5X-50 


44 


25 


ns 

12 

kk 

m/WRrise-^AO-23 Hold 

0.5X-20 


11 


5 


ns 

13 

Udl 

AO - 15Vaiid-^D0-15 input 


3.0X-45 


143 


105 

ns 

14 

^ADH 

A0-23Valid-^D0-15 input 


3.5X-65 


154 


110 

ns 

15 

tfiD 

Mfall->D0-15 input 


2.0X-50 


75 


50 

ns 

16 

^RR 

RDLow width 

2.0X-40 


85 


60 


ns 

17 

^HR 

RDrise->D0-15 Hold 

0 


0 


0 


ns 

18 


RD rise->AO -15 output 

x-15 


48 


35 


ns 

19 

tww 

WRLow width 

2.0X-40 


85 


60 


ns 

20 

^DW 

D0-15Valid-^WRrise 

2.0X-50 


75 


50 


ns 

21 

^WD 

WRrise-^D0-15Hold 

0.5X-10 


21 


15 


ns 

22 

^AEH 

AO - 23 Valid-^WAiT input (1 WAIT + n mode) 


3.5X-90 


129 


85 

ns 

23 

UWL 

AO -15 Valid->WAiT input (1WAIT + n mode) 


3.0X-80 


108 


70 

ns 

24 

^CW 

RD/WR falUW^ Hold (1WAIT + n mode) 

2.0X + 0 


125 


100 


ns 

25 

Uph 

AO-23Valid-^PORT input 


2.5X-120 


36 


5 

ns 

26 

kPH2 

AO-23Valid-^PORTHold 

2.5X + 50 


206 


175 


ns 

27 

kp 

WRrise->PORT Valid 


200 


200 


200 

ns 


AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF__ _ 

(However CL = 100pF for ADO ~ AD15,AD0 ~ AD23, ALE, RD. WR. HWR, CLK, CSO -- CSS) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

High 0.8VCC /Low 0.2Vcc (Except for ADO ~ AD15) 
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(2) Write Cycle 
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4.4 DRAM Control AC Characteristics (TMP96C031F) 


Vcc = 5V±10% TA = -20 70°C (4MHz 20MHz) 


No. 

Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

1 

^RC 

RAS cycle time 

4X-10 


240 


190 


ns 

2 

^RAC 

RAS falldata input 


2X-20 


105 


80 

ns 

3 

tCAC 

CAS falldata input 


lx-25 


38 


25 

ns 

4 

Irp 

^ high puise width 

2X-30 


95 


70 


ns 

5 

tRAS 

RAS low pulse width 

2X-10 


115 


IHIQjlll 


ns 

6 

^RSH 

CAS fall -4 RAS rise 

lx-25 


38 


25 


ns 

7 

fcSH 

RAS fall —> CAS rise 

2X-20 


105 


80 


ns 

8 

^AS 

CAS iow pulse width 

1.5X-10 


84 


65 


ns 

9 

^RCD 

RAS tali->C^ fall 

lx-15 


48 


35 


ns 

10 

^CRP 

C^ rise rise 

1.5X-50 


44 


25 


ns 

11 

tfiAH 

M fallAO-15 hold 

0 


0 


0 


ns 

12 

USRL 

Aq. 15 validfall 

lx-10 


53 


40 


ns 

13 

USRH 

Ao.23valid-> Rafail 

1.5X-10 


84 


65 


ns 

14 

tfiWL 

WR fallMs rise 

2x-50 


75 


50 


ns 

15 

^CWL 

WR fall-> Ms rise 

2x-50 


75 


50 


ns 

16 

^DS 

Data output MS fall setup 

lx-30 


33 


20 


ns 

17 

toH 

CAS falldata output hold 

1.5X-50 


44 


25 


ns 

18 

tpHR 

Ms fall ^ data output hold 

2.5X-50 


106 


75 


ns 

19 

Wes 

WR fall ^ CAS fall setup 

lx-30 


33 


20 


ns 

20 

WCH 

CAS fall-^WR hold 

lx-30 


33 


20 


ns 

21 

tRDM 

Ms fall->DMUX fall 


0.5X-10 

21 


15 


ns 

22 

^CDM 

Mix fall Ms fall 

0.5X-10 


21 


15 


ns 

23 

tcHR*1 

Ms fall ^ Ms rise 

2X-50 


75 


50 


ns 

24 

^RPC* 

RAS rise MS fall 

1.5X + 0 


64 


45 


ns 

25 

tcp* 

Ms high pulse width 

1.5X + 0 


64 


45 


ns 

26 

teSR* 

Ms fall Ms fall 

0.5X-10 


21 


15 


ns 

27 

tRASS*2 

Ms low pulse width 

2000X 


125 


100 


ns 

28 

tRPS*2 

Ms precharge time 

4X-20 


230 


180 


ns 

29 

tCHS*2 

Ms hold time 

0 


0 


0 


ns 

30 

^CFL* 

Msh fall ^ Ms fall 

lx-10 


53 


40 


ns 

31 

fcPH* 

Ms rise -> RFSH rise 

0.5X-10 


21 


15 


ns 


*1 CAS before RAS interval refresh mode 
*2 CAS before RAS self-refresh mode 
* Both refresh modes 


AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF__ 

(However CL = 100pF for ADO ~ AD15, ADO ~ AD23. RD. WR. HWR, RAN RAS) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

High 0.8Vcc/Low 0.2Vcc (Except for ADO ~ AD15) 
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(1) Read/Write Access Cycle 



(2) CAS before RAS Interval Refresh Cycle 



(3) CAS before RAS Self-Refresh Cycle 


- tRP - 




- tRpC -► 

kSR 





- tRASS ■ 




- tRPS - 


K. 


-tCHS 


! V 
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4.5 A/D Conversion Characteristics (TMP96C031F) 

Vcc = 6V±10%TA=:-20 ~ 70°C 


Symbol 

Parameter 

Min 

Typ 

Max 

Unit 

Vref 

Analog reference voltage 

Vcc-1.5 


Vcc 

V 

Agnd 

Analog reference voltage 

Vss 


Vss 

Vain 

Analog input voltage range 

Vss 


Vcc 

•ref 

Analog current for analog reference voltage 


0.5 

1.5 

mA 

Error 

(Quantize error of 
dH3.5 LSB not included) 

Total error 

(TA = 25°C.Vcc = VREF = 5.0V) 


1.0 


LSB 

Total error 



2.5 


4.6 Serial Channel Timing - I/O Interface Mode 

Vcc = 5V±10%TA = -20 ~ 70°C 


(1) SCLK Input Mode 


Symboi 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

^SCY 

SCLK cycle 

16x 


1 


0.8 


MS 

toss 

Output Data->rising edge of SCLK 

tscY/2 - 5x - 50 


137 


100 


ns 

tons 

SCLK rising edge->output data hold 

5X-100 


212 


150 


ns 

tnsR 

SCLK rising edge->input data hold 

0 


0 


0 


ns 

tSRD 

SCLK rising edge^effective data input 


tscY-5x-100 


587 


450 

ns 


(2) SCLK Output Mode 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tsCY 

SCLK cycle (programmable) 

16x 

8192X 

1 

512 

0.8 

409.6 

MS 

toss 

Output Data^rising edge of SCLK 

tscY'2x-150 


725 


550 


ns 

tons 

SCLK rising edge-^output data hold 

2X-80 


45 


20 


ns 

tuSR 

SCLK rising edge^input data hold 

0 


0 


0 


ns 

tsRD 

SCLK rising edge^effective data input 


tsCY'2x-150 


725 


550 

ns 


4.7 Timer/Counter Input Clock (TIO, TI4, TI5) 

Vcc = 5V±10%TA=:-20 - 70°C 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tvCK 

Clock cycle 

8X + 100 


600 


500 


ns 

tvCKL 

Low level clock pulse width 

4x + 40 


290 


240 


ns 

tvCKH 

High level clock pulse width 

4x + 40 


290 


240 


ns 
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4.8 Interrupt Operation 

Vcc = 5V±10%Ta = -20 - 70°C 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tiNTAL 

IM, INTO Low level pulse width 

4x 


250 


200 


ns 

tiNTAH 

Mi, INTO High level pulse width 

4x 


250 


200 


ns 

tiNTBL 

INT1 ~ INT7 Low level pulse width 

8X + 100 


600 


500 


ns 

tiNTBH 

INT1-INT7High level pulse width 

8X + 100 


600 


500 


ns 
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4.10 Timing Chart for Bus Request/BUS Acknowledge 



Symbol 

Parameter 

Variable 



Q 

Min 

Max 

Min 




^BRC 

BUSRQ setup time for CLK 

120 


120 


120 


non 

tcBAL 

CLK->BUSAK falling edge 


1.5X + 120 





llllllllll^^ 


CLK->BUSAK rising edge 


0.5X + 40 


WEM 


65 

ns 

Uba 

Output buffer is off to BUSAK 


80 

0 

■■ 


imi^m 

ns 

^BAA 

BUSAK _J~ output buffer is on. 

0 

80 

0 

80 

0 

80 

ns 


Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0” during “Wait” cycle. 
Note 2: An internal programmable pull-down resistor must be connected. 

Note 3: An internal programmable pull-up resistor must be connected. 
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5. Table of Special Function Registers 

(SFR; Special Function Register) 

The special function registers (SFRs) include the I/O ports and 
peripheral control registers allocated to the 128-byte 
addresses from OOOOOOH to 00007FH. 


(1) I/O port 

(2) I/O port control 

(3) Timer control 

(4) Pattern Generator control 

(5) Watch Dog Timer control 

(6) Serial Channel control 

(7) A/D converter control 

(8) Interrupt control 

(9) Chip Select/Wait Control 

(10) DRAM Control 


Configuration of the table 


Symbol 

Name 

Address 


mj 

; 1 : 0 




i : > 



-•'bit Symbol 
-►Read / Write 
-►Initial value afrer reset 
-►Remarks 
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Table 5 I/O Register Address Map 


Address 

Name 

Address 

Name 

Address 

Name 

Address 

Name 

OOOOOOH 


20H 

TRUN 

40H 

MSARO 

60H 

ADREGO 

1H 


21H 


41H 

MAMRO 

61H 

ADREG1 

2H 


22H 

TREGO 

42H 

MSAR1 

62H 

ADREG2 

3H 


23H 

TREG1 

43H 

MAMR1 

63H 

ADREG3 

4H 


24H 

T01TMOD 

44H 

MSAR2 

64H 


5H 


25H 

TFFCR 

45H 

MAMR2 

65H 


6H 

P2 

26H 

TREG2 

46H 

MSAR3 

66H 


7H 

P3 

27H 

TREG3 

47H 

MAMR3 

67H 


8H 

P2CR 

28H 

T23M0D 

48H 


68H 


9H 

P2FC 

29H 

TRDC 

49H 


69H 

BOCS 

AH 

P3CRL 

2AH 


4AH 


6AH 

B1CS 

BH 

P3CRH 

2BH 


4BH 

DREFCR 

6BH 

B2CS 

CH 

P4 

2CH 


4CH 

PGOREG 

6CH 

B3CS 

DH 

P5 

2DH 


4DH 

PG1REG 

6DH 


EH 


2EH 


4EH 

PG01CR 

6EH 


FH 


2FH 


4FH 


6FH 


10H 

P4FC 

30H 

TREG4L 

50H 

SCOBUF 

70H 

INTE01 

11H 


31H 

TREG4H 

51H 

SCOCR 

71H 

INTE23 

12H 

P6 

32H 

TREG5L 

52H 

SCOMOD 

72H 

INTE45 

13H 

P7 

33H 

TREG5H 

53H 

BROCR 

73H 

INTE67 

14H 

P6CRL 

34H 

CAP1L 

54H 

SC1BUF 

74H 

INTET10 

15H 

P7CRL 

35H 

CAP1H 

55H 

SC1CR 

75H 

INTET32 

16H 

P6CRH 

36H 

CAP2L 

56H 

SCI MOD 

76H 

1NTET54 

17H 

P7CRH 

37H 

CAP2H 

57H 

BR1CR 

77H 

INTESO 

18H 


38H 

T4M0D 

58H 

ODE 

78H 

INTESI 

19H 


39H 

TFF4CR 

59H 


79H 

INTEAD 

1AH 


3AH 

T45CR 

5AH 


7AH 

IIMCO 

1BH 


3BH 


5BH 


7BH 

IIMC1 

1CH 


3CH 


5CH 

WDMOD 

7CH 

DMAOV 

1DH 


3DH 


5DH 

WDCR 

7DH 

DMA1V 

1EH 


3EH 


5EH 

ADMOD 

7EH 

DMA2V 

1FH 


3FH 


5FH 


7FH 

DMA3V 
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(1) I/O Port 





7 

6 

5 

■■ 

3 

2 

1 

0 



06H 

P27 

P26 

P25 

P24 

P23 

P22 

P21 


R/W 

Input mode 

0 

0 

0 

0 

0 

0 

0 

0 


PORTS 

07H 



P35 

P34 

P33 

P32 

P31 

P30 



R/W I 



1 

1 

1 

1 

1 

1 

Input mode (Pulled-up) 


P0RT4 

OCH 





P43 

P42 

P41 

P40 





R/W 





1 

0 

1 

1 





Output mode | 


PORTS 

ODH 





P53 

P52 

P51 

P50 





R 





Input mode 


PORTS 

12H 

P67 

P66 

P65 

P64 

P63 

P62 

P61 

P60 

R/W 

1 

1 

1 

1 

1 

1 

1 

1 

Input mode 


PORT/ 

13H 


P76 

P75 

P74 

P73 


P71 



R/W I 


1 

1 

1 

1 

1 

1 

1 


Input mode 


Read/Write R/W ; Either read or write is possible 

R : Only read is possible 

W ; Only write is possible 

Prohibit RWM ; Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCF Instruction) 
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(2) I/O Port Control (1/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

P2CR 

P0RT2 

Control 

OSH 

(Prohibit 

RMW) 

P27C 

P26C 

P25C 

P24C 

P23C 

P22C 

P21C 

P20C 

W 

0 

0 

0 1 0 

0 

0 

0 

0 

«Refer to the “P2FC”» 

P2FC 

P0RT2 

Function 

09H 

(Prohibit 

RMW) 

P27F 

P26F 

P25F P24F 

P23F 

P22F 

P21F 

P20F 

W 

0 0 

0 0 

0 0 

0 

0 

P2FC/ P2CR = 00: IN, 01: OUT, 10: 11: A23 -16 

P3CRL 

P0RT3 

Control 

Low 

OAH 

(Prohibit 

RMW) 

P33C1 

P33C0 

P32C1 P32C0 

P31C1 P31C0 

P30C1 

P30C0 

W 



0 

0 

0 0 

0 0 

0 

0 

00; PORT input 

01: PORT output 
10:BUSAK 

11 

00; PORT input 

01: PORT output 

10:BUSRQ 

11 

00: PORT input 

01: PORT output 

10:- 

11:- 

00: PORT input 

01: PORT output 

10:T05 

11:HWR 

P3CRH 

P0RT3 

Control 

High 

OBH 

(Prohibit 

RMW) 

RDEN 




P35C1 P35C0 

P34C1 

P34C0 

W 




W 

0 




0 0 

0 

0 

1:pseudo 
SRAM 
EN 




00: PORT input 

01: PORT output 

10:RAS 

11:- 

00: PORT input 

01: PORT output 

10:NMI 

11:R/W 

P4FC 

P0RT4 

Function 

10H 

(Prohibit 

RMW) 

BUSWDT 

BUDRM 



P43F 

P42F 

P41F 

P40F 

W 

W 



W 

0 

0 



0 

0 

0 

0 

00:BUSSRQ 
DIS 

01 : BUSRQ 

EN 

0:ON 

1; OFF 



00: PORT 

01: CS3/CAS 

00: PORT 

01: CS2 

00: PORT 

01: CS1 

00: PORT 

01: CSO 
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I/O Port Control (2/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

P6CRL 

PORTS 

Control 

Low 

14H 

(Prohibit 

RMW) 

PS3C1 

PG3C0 

PS2C1 



PS1C0 

PG0C1 

PSOCO 

W 



0 

0 

0 





0 

00: PORT input 

01: PORT output 

10:PG03 

11:RFSH 

00 

01 

10 

11 

PORT input 

PORT output 

PG02 

00: PORT input 

01; PORT output 

10: PG01 

11 

00: PORT input 

01: PORT output 

10:PG00 

11:TxD0 

P6CRH 

PORTS 

Control 

High 

15H 

(Prohibit 

RMW) 

PC7C1 

P67C0 

PS6C1 






W 



0 

0 

0 






00: PORT input 

01: PORT output 

10;PG13 

11 :WDT0UT 

00 

01 

10 

11 

PORT input 

PORT output 

PG12 

00: PORT input 

01: PORT output 

10:PG11 

11 

00; PORT input 

01: PORT output 

10:PG10 

11:- 

P7CRL 

P0RT7 

Control 

Low 

1SH 

(Prohibit 

RMW) 

P73C1 

P73C0 

P72C1 

P72C0 

P71C1 


P70C1 

P70C0 

W 



0 

0 

0 




0 

0 

00; PORT input 

01: PORT output 

10:- 

11 

00 

01 

10 

11 

PORT input 

PORT output 

00; PORT input 

01: PORT output 

10:T03 

11;DMUX 

00: PORT input 

01: PORT output 

10:T01 

11:T04 

P7CRH 

P0RT7 

Control 

High 

17H 

(Prohibit 

RMW) 



P7SC1 

P7SC0 

P75C1 

P75C0 

P74C1 

P74C0 



W 



0 


0 

0 

0 




00 

01 

10 

11 

PORT input 

PORT output 

SCLK1 

00; PORT input 

01; PORT output 

10:- 
11:- 

00: PORT input 

01: PORT output 

10:TxD1 

11:- 
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(3) Timer Control (1/3) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

TRUN 

Timer RUN 
Control 

Reg. 

20H 



T5RUN 

T4RUN 

PI RUN 

PORUN 

T1RUN 

TORUN 



R/W 



0 

0 

0 

0 0 

0 

Prescaler and Timer Run/Stop CONTROL 

0: Stop and Clear 

1: Run (Count up) 

TREGO 

8bit Timer 
Register 0 

22H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG1 

8bit Timer 
Register 1 

23H 

(Prohibit 

RMW) 

- 

W 

Undefined 

T01TMOD 

8bit Timer 
Source CLK 
and MODE 

24H 

(Prohibit 

RMW) 

T10M1 

T10M0 

PWMM1 

PWMMO 

T1CLK1 

T1CLK0 

T0CLK1 

TOCLKO 

W 

0 

0 

0 

0 

0 

0 

0 

0 

00: 8-bit Timer 

01:16-bit Timer 

10: 8-bit PPG 

11: 8-bit PWM 

00: - 

01:2®-1 PWM 
10:2^-1 Cycle 

00:TO0TRG 

01: 0T1 

10: 0T16 

11 :0T256 

00: TIO Input 

01: 0T1 

10: 0T4 

11:0T16 

TFFCR 

8bit Timer 
Flip-flop 
Control 

25H 

TFF3C1 

TFF3C0 

TFF3IE 

TFF3IS 

TFF1C1 

TFF1C0 

TFF1IE 

TFF1IS 

W 

R/W 

W 

R/W 

- 

0 

0 

- 

0 

0 

00: Invert TFF3 

01 :SetTFF3 

10: Clear TFF3 

11: Don’t care 

1:TFF3 

Invert 

Enable 

0 ; Timer 2 

1: Timer 3 

00: Invert TFF1 
01:SetTFF1 

10: Clear TFF1 

11: Don’t care 

1 :TFF1 

Invert 

Enable 

0: Timer 0 

1: Timer 1 

TREG2 

PWM Timer 
Register 2 

26H 

- 

W 

Undefined 

TREG3 

PWM Timer 
Register 3 

27H 

- 

W 

Undefined 

T23MOD 

Timer 2,3 
Mode Reg. 

28H 

(Prohibit 

RMW) 

T23M1 

T23M0 

PWM21 

PWM20 

T3CLK1 

T3CLK0 

T2CLK0 

T2CLK0 1 

R/W 

0 

0 

0 

0 

0 

0 

0 

0 

00: 8-bit Timer 

01:16-bit Timer 

10: 8-bit PPG 

11: 8-bit PWM 

00: - 

01:2®-1 PWM 

10:2^-1 Cycle 

11:2®-1 

00:T02TRG 

01: 0T1 

10: 0T16 

11: 0T256 

00: TIO Input 

01: (fl^ 

10: 0T4 

11:0T16 

TRDC 

Timer Reg. 
Double Buffer 
Control Reg. 

29H 







TR2DE 

TRODE 







R/W 







0 

0 







Tmer Reg. 

Double Buffer Control 

0: Double Buffer Disable 

1: Double Buffer Enable 
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(3) Timer Control (2/3) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

TREG4L 

16bit Timer 
Register 4L 

30H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG4H 

16bit Timer 
Register 4H 

31H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG5L 

16bit Timer 
Register 5L 

32H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG5H 

16bit Timer 
Register 5H 

33H 

(Prohibit 

RMW) 

- 

W 

Undefined 

CAP1L 

Capture 
Register 1L 

34H 

- 

R 

Undefined 

CAP1H 

Capture 
Register 1H 

35H 

- 

R 

Undefined 

CAP2L 

Capture 
Register 2L 

36H 

- 

R 

Undefined 

CAP2H 

Capture 
Register 2H 

37H 

- 

R 

Undefined 

T4M0D 

16bitTimer4 

Source 

CLK and 
MODE 

38H 

CAP2T5 

EQ5T5 

CAP1IN 

CAP12M1 

CAP12M0 

CLE 

T4CLK1 

T4CLK0 

R/W 

W 

R/W 


0 

0 

0 

0 

0 

0 

0 

0 

TFF5INVTRG 

0: TRG Disable 

1:TRG Enable 

0: Soft- 
Capture 

1: Don’t care 

Capture Timing 

00: Disable 

01:T14 T TI5 t 
10:T14 T T14 t 
11:TFF1 t TFF1 1 

1:UC4 

Clear 

Enable 

Source Clock 

00: T14 

01 : 0T1 

10: 0T4 

11:0T16 
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(3) Timer Control (3/3) 


16bitTimer4 

Flip-flop 

Control 


Invert TFF5 
SetTFF5 
Clear TFF5 
Don’t care 


TFF4 Invert Trigger 
0: Trigger Disable 
1: Trigger Enable 


W 

0~ I 0 ~ 

Source Clock 
00: Invert TFF4 
01:SetTFF4 
10: Clear TFF4 
11: Don’t care 


DB4EN 



(4) Pattern Generator 


Symbol 

Name 

Address 

PGOREG 

PGO Register 

4CH 

(Prohibit 

RMW) 

PG1REG 

PG1 Register 

4DH 

(Prohibit 

RMW) 


R/W 

Undefined 
2 I S 
R/W 

Undefined 


PG01CR PG0,1 Control 


0; Normal PG1 trigger 

0:8-bit write Rotation 0:4-bit Step input 

1:4-bit write 1: Reverse 1:8-bit Step enable 

Rotation 1: Enable 


0: Normal PGO trigger 

0:8-bit write Rotation 0:4-bit Step input 

1:4-bit write 1: Reverse 1:8-bit Step enable 

Rotation 1: Enable 


(5) Watch Dog Timer 
Symbol I Name \ 
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6 Serial Channel (1/2) 




Serial 
Channel 1 
Mode 


1: Parity 



1 

0; SCLKO 

(-T) 

Enable 

Overrun 

Parity 

Framing 

TO 

RXE 

WU 

SMI 

SMO 

SCI 


Transmission 
data bit 8 


1: Receive 1: Wake up 
Enable Enable 


00: I/O Interface 
01 :UART 7-bit 

10 :UART 8-bit 

11 :UART 9-bit 


00: TOO Trigger 
01: Baud rate generator 
10: Internal clock 01 
11: Don’t care 
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(6) Serial Channel (2/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

BR1CR 

Baud Rate 
Control 

57H 

- 


BR1CK1 

BR1CK0 

BR153 

BR152 

BR151 

BR150 

R/W 

R/W 

0 


0 

_ 0 _, 

0 

0 

A __ 0 

Fix at "0" 


00: 0tO (fc/4) 

01: 0t2 (fc/16) 

10: 0t8 (fc/64) 

11:0t32(fc/256) 

Set frequency divisor 

0~F 

("1” prohibited) 

ODE 

Special 

Open Drain 
Enable 

58H 







0DE1 

ODEO 







R/W 







0 

0 







1: P74 
Open-drain 

1 :P60 
Open-drain 


(7) A/D Converter Control 





7 

6 

5 

4 

3 

2 

1 

0 

ADMOD 

A/D Converter 
Mode Reg. 

5EH 

EOCF 

ADBF 

REPET 

SCAN 

ADCS 

ADS 

ADCH1 

ADCHO 

R 

R/W 

R/W 

R/W 

R/W 

0 

0 

0 

0 

0 

0 

0 

0 

1: END 

1:BUSY 

1: Repeat 
mode set 

1: Scan 
mode 

1 : Slow 
mode 

1:START 

Analog Input Channel Select 

ADREGO 

AD Result 
Reg. 0 

60H 

- 

R 

Undefined 

ADREG1 

AD Result 
Reg.1 

61H 

- 

R 

Undefined 

ADREG2 

AD Result 

Reg. 2 

62H 

- 

R 

Undefined 

ADREG3 

AD Result 

Reg. 3 

63H 

- 

R 

Undefined 
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(8) Interrupt Control (1/2) 


Symbol 

Name 

Address 

y-r- 

J_ 6 _ 1 _ 5 _ 

T 7 " 

1_3_ 

T~T- 

1.1_ 

J _0_1 




1 INTI 

1 INTO 1 

IfJTLOl 


70H 

lie 

I1M2 I1M1 

IIMO 

IOC 

I0M2 

iOMI 

lOMO { 


m * 

(Prohibil 

R/W 

W 


R/W 

w I 



RMW) 

0 

0 0 

0 

0 

0 

0 

J 0 1 


INTerrupl 


1 INT3 

INT2 1 


71H 

I3C 

I3M2 I3M1 

I3M0 

I2C 

I2M2 

I2M1 

I2M0 1 


^able 

(Prohibil 

R/W 

W 


R/W 

W I 



RMW) 

0 

; 0 ; 0 

0 

0 

0 

0 

0 1 


INTerrupl 

Enable 

4f5 


INT5 

INT4 1 

INTE45 

72H 

ISC 

I5M2 I5M1 

I5M0 

I4C 

I4M2 

I4M1 

I4M0 1 

(Prohibil 

R/W 

W 


R/W 

: w ^ 1 



RMW) 

0 

■ 0 : 0 

0 

0 

0 

0 



INTerrupl 


INT7 

INT6 1 


73H 

I7C 

I7M2 I7M1 

I7M0 

I6C 

I6M2 

I6M1 

I6M0 

INTE 7 

Enable 

(Prohibit 

R/W 

W 

RWV 


W 




RMW) 

0 

0 0 

0 

0 

0 

0 

0 


INTerrupl 

Enable 

Timer I/O 


INTT1 dimer 1) 

INTTO (timer 0) 1 


74H 

IT1C 

1T1M2 : IT1M1 

: IT1M0 

ITOC 

IT0M2 

IT0M1 

ITOMO i 

INTETIO 

(Prohibil 

R/W 

W 

RW 

W 1 


RMW) 

0 

0 0 

0 

0 

0 

0 

0 1 


INTerrupl 


INTT3 (timer 3) 

INTT2 (timer 2) 1 


75H 

IT3C 

IT3M2 IT3M1 

IT3M0 

IT2C 

IT2M2 

i IT2M1 

IT2M0 1 

INTET32 

Timer 2/3 

(Prohibil 

R/W 

W 


RW 

_yy_1 


RMW) 

0 

0 0 

0 

0 

0 

0 

° 1 


INTerrupl 


INTTR5(TREG5) 

INTTR4 (TREG4) 1 


76H 

IT5C 

IT5M2 IT5M1 

IT5M0 

IT4C 

IT4M2 

; IT4M1 

IT4M0 1 

INTET54 

Treg 5/4 

(Prohibil 

R/W 

W 

R/W 

W 1 


RMW) 

0 

0 0 

0 

0 

0 

0 

0 1 


INTerrupl 

Enable 


INTTXO 

INTRXO 1 

INTESO 

77H 

ITXOC 

ITX0M2 ; ITX0M1 

ITXOMO 

IRXOC 

IRX0M2 

i IRX0M1 

IRXOMO 1 

(Prohibil 

R/W 

W 

RW 

w 1 


Serial 0 

RMW) 

0 

0 0 

0 

0 

0 

0 

- 1 


INTerrupl 

Enable 

Serial 1 


INTTXl 

INTRX1 1 

INTESl 

78H 

ITX1C 

ITX1M2 i ITX1M1 

ITX1M0 

IRX1C 

IRX1M2 

i IRX1M1 

IRX1M0 

(Prohibit 

R/W 

W 


R/W 


W 



RMW) 

0 

0 0 

0 

0 

0 

0 

0 


INTerrupl 

Enable 

A/0 


INTAD J 

I 


79H 

lADC 

1ADM2 ; IADM1 

lADMO 1 



INTEAD 

(Prohibil 

R/W 

W 




RMW) 

0 

0 0 





i , I I_,_I I , I I 



lxxM2 

IxxMl 

IxxMO 

Function (Write) 

0 

0 

0 

Prohibil interrupt request. 

0 

0 

1 

Set interrupt request level to " 1". 

0 

1 

0 

Set interrupt request level to "2". 

0 

1 

1 

Set interrupt request level to "3". 

1 

0 

0 

Set interrupt request level to "4". 

1 

0 

1 

Set interrupt request level to "5". 

1 

1 

0 

Set interrupt request level to "6". 

.^ . 1 

1 

I 

Prohibit interrupt request. 


IxxC 

Function (Read) 

Function (Write) 

0 

Indicate no interrupt request. 

Clear interrupt request flag. 


Indicate interrupt request. 

.Don't care. 
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(9) Chip Select/Wait Controller (1/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

BOCS 

Block 0 
CS/WAIT 
control 
register 

68H 

(Prohibit 

RMW) 

BOE 

BOSYS 

BOARE 

BOBUS 

B0W1 

BOWO 

B0C1 

BOCO 

w I 

0 

0 

0 

0 

0 

0 

0 

0 

0:CS0DIS 

1: CSO EN 

1:SYSTEM 
only 

0:7F00~ 

7FFF 

1: Address 
area 

specification 

0:16-bit Bus 

1: 8-bit Bus 

00:2WAIT 

01; 1WAIT 
10:1WAIT + n 

11:0WAIT 

00: 2WAIT 

01; 1WAIT 

10:1WAIT + n 
11:0WAIT 

B1CS 

Block 1 
CS/WAIT 
control 
register 

69H 

(Prohibit 

RMW) 

B1E 

B1SYS 

B1ARE 

BIBUS 

B1W1 

B1W0 



W 

0 

0 

0 

0 

0 

0 



H 

T 

0;80~ 

7FFF 

1 : Address 
area 

specification 

T 

T 

- 

- 

B2CS 

Blocks 

CS/WAIT 

control 

register 

6AH 

(Prohibit 

RMW) 

B2E 

B2SYS 

B2ARE 

B2BUS 





W 

1 

0 

0 

Undefined 





OiCSODIS 

1: CSO EN 

T 

0:8000- 

3FFFFF 

1 : Address 
area 

specification 

T 

T 

- 

- 

BSCS 

Block 3 
CS/WAIT 
control 
register 

68H 

(Prohibit 

RMW) 

BSE 

B3SYS 

B3ARE 

B3BUS 

B3W1 

B3W0 

B3CAS 

SRFC 

W 







0 

0 

0: CSS/CAS 
DIS 

1; CSS/CAS 
EN 

t 

0: Undefined 

1: Address 
area 

specification 

T 

T 

0: CSS/CAS 
DIS 

1: CSS/CAS 
EN 

0:Se!f 

refresh 

execution 

1: Release 

MSARO 

Memory 

Start 

Adrress 

Reg. 0 

40H 



S21 


SI 9 

S18 

SI 7 

S16 

R/W 

1 

1 

1 

1 

1 

1 

1 

1 

A23~A16 

Memory start address setting 

MAMRO 

Memory 

Start 

Adrress 

Mask 

Reg.O 

41H 

V20 

V19 

V18 

VI7 

V16 



V8 

R/W 

1 

1 

1 

1 

1 

1 

1 

1 

0: Address A8~A20 comparison is valid. 

1 :AddressA8~ ASOcomparison is invalid. (Specification bitbybit). 

MSAR1 

Memory 

Start 

Adrress 

Reg.1 

42H 

S23 

S22 

S21 

S20 

S19 




R/W 

1 

1 

1 

1 

1 

1 

V 

rin 

A23~A16 

Memory start address setting 
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(9) Chip Seiect/Wait Controller (2/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

■ 

Memory 

Start 

Adrress 

Mask 

Reg.1 

43H 

V21 

V20 

V19 

V18 

V17 

V16 

V15~9 

V8 

R/W I 

1 

1 

1 

1 

1 

1 

1 

1 

0: Address A8 ~ A21 comparison is valid. 

1; Address A8 ~ A21 comparison is invalid. (Specification bit by bit). 

MSAR2 

Memory 

Start 

Adrress 

Reg. 2 

44H 

S23 

S22 

S21 S20 

S19 

S18 

S17 

S16 

R/W 

1 

1 

1 

1 

1 

1 

1 

1 

A23~A16 

Memory start address setting 

MAMR2 

Memory 

Start 

Adrress 

Mask 

Reg. 2 

45H 

V22 

V21 

V20 

V19 

V18 

V17 

V16 

V15 

R/W 1 

1 

1 

1 1 

1 

1 

1 

1 

0: Address A15 ~ A22 comparison is valid 

1: Address A15 - A22 comparison is invalid. (Specification bit by bit). 

MSAR3 

Memory 

Start 

Adrress 

Reg. 3 

46H 

S23 

S22 

S21 S20 S19 

S18 

S17 

S16 

R/W I 

1 

1 

1 1 1 

1 

1 

1 

A23~A16 

Memory start address setting 

MAMR3 

Memory 

Start 

Mask 

Adrress 

Reg. 3 

46H 

V22 

V21 

V20 

V19 

V18 

V17 

V16 

V15 I 

R/W 1 

1 

1 

1 1 

1 

1 

1 

1 

0: Address A15 ~ A22 comparison is valid 

1: Address A15 ~ A22 comparison is invalid. (Specification bit by bit). 
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(10) DRAM Control 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 




DMI 

RS2 

RSI 

RSO 

RW2 

RW1 

RWO 

RC 




R/W 




0 

0 

0 

0 

0 

0 

0 

0 

DREFCR 

Refresh 

Control 

Reg. 

48H 

Dummy cycle 

0; Prohibit 

1: Execute 

Refresh cycle insertion interval 

000:15 states 

001:31 states 

010:62 states 
oil : 78states 

100:97 states 

101:109 states 

110:124 states 

111: 154 states 

Refresh cycle insertion interval 

000:2 states 

001:3 states 

010:4 states 
oil : 5 states 

100:6 states 

101:7 states 

110:8 states 

111: 9 states 

Refresh cycle 

0: Prohibit 

1: Execute 
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6. Port Section Equivalent Circuit Diagram 

• Reading The Circuit Diagram 

Basically, the gate singles written are the same as 
those used for the standard CMOS logic 1C [74HCXX] 
series. 

The dedicated signal is described below. 


STOP: This signal becomes active “1” when the hold mode 
setting register is set to the STOP mode and the CPU 
executes the HALT instruction. When the drive enable 
bit [DRIVE] is set to “1 ”, however, STP remains at “0”. 

• The input protection resistans ranges from several tens of 
ohms to several hundreds of ohms. 


• PO (ADO ~ AD7), P1 (AD8 ~ 15, A8 ~ 15), P2 (A16 ~ 23) 


vcc 



• RD, WR 



• P30 ~ 33, P35 
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P51 ~ P53 {AN1 ~ 3/INT1 ~ 3) 
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• P60 OXDO). P74 (TXD1) 


vcc 



• P34 (NMI/R/W) 



• P40~ P43 (CSO ~ CS3/CAS) 


vcc 
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• CLK 


Output Enable 
Internal CLK 


STOP 
Internal Reset 



Test Circuit 


• AM8/16 


RESET 


• X1,X2 


r-VW“ 


-Q Input 


lookn vcc 

typ.\^ T 


-o<^—VW—i-Q Input 


Schmitt 


WDTOUT-1 _ I 

reset enable-'—^ 


clock 


STOP 



• VREF 


Iref = 0.5mA typ. 


Q VREF 


Ladder 

Resistor 


A/D Converter 
GND 


Note ; In case stand by mode, 

Iref currents go on flowing. 
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7. Guidelines and Restrictions 

(1) Special Expression 

® Explanation of a built-in I/O register: Register 

Symbol <Bit Syrnbob 

ex) TRUN <TRUN> • ■ • Bit TORUN of Register TRUN 

(D Read, Modify and Write Instruction 

An instruction which CPU executes following by one 
instruction. 

1. CPU reads data of the memory. 

2. CPU modifies the data. 

3. CPU writes the data to the same memory. 

ex1) SET 3, (TRUN) • set bit3 of TRUN 
ex2) INC1, (100H) increment the data of 100H 


• The representative Read, Modify and Write 
Instruction in the TLCS-900 


SET 

imm, mem. 

RES 

imm, mem 

CHG 

imm, mem, 

TSET 

imm, mem 

INC 

imm, mem, 

DEC 

imm, mem 

RLD 

A, mem, 

ADD 

imm, reg 


(D 1 state 

One cycle clock divided by 2 oscillation frequency is 
called 1 state 

ex) Oscillation frequency is 20MHz 

2/20MHZ = 100ns = 1 state 


(2) Guidelines 

® AM8/16 pin 

Fix these pins VCC or GND unless changing voltage. 

@ Warming-up Counter 

The warming-up counter operates when the STOP 
mode, is released even the system which is used an 
external oscillator. As a result, it takes warming up time 
from inputting the releasing request to outputting the 
system clock. 

(D Programmable Pull Up/Down Resistance 

The programmable pull up/down resistors can be 
selected ON/OFF by program when they are used as 
the input ports. The case of they are used as the out¬ 
put ports, they cannot be selected ON/OFF by pro¬ 
gram. 

® Bus Releasing Function 

Refer to the “Note about the Bus Release” in 3.5 Func¬ 
tions of Ports because the pin state when the bus is 
released is written. 

(D Watch Dog Timer 

The watch dog timer starts operation immediately after 
the reset is released. When the watch dog timer is not 
used, set watch dog timer to disable. 

® CPU (High Speed ^iDMA) 

Only the “LDC cr, r”, “LDC r, cr” instruction can be 
used to access the control register like transfer source 
address register (DMASn) in the CPU. 
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CMOS 16-bit Microcontrollers 
TMP96C081F 

1. Outline and Device Characteristics 

The TMP96C081F are high-speed advanced 16-bit microcon¬ 
trollers developed for controlling medium to large-scale equip¬ 
ment. 

The TMP96C081F are housed in a 100-pin flat package. 
Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 

• General-purpose registers and register bank system 

• 16-bit multiplication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 

- 4 channels (1.6|xs/2 bytes @ 20MHz) 

(2) Minimum instruction execution time 

- 200ns @20MHz 


(3) Internal DMAC: 4 channels 

(4) External memory expansion 

• Can be expanded up to 16M bytes (for both programs and 
data). 

• AM8/T6 pin (select the external data bus width) 

• Can mix 8- and 16-bit external data buses. 

• Dynamic data bus sizing 

(5) 8-bit timers: 2 channels 

(6) 8-bit PWM timers: 2 channels 

(7) 16-bit timers: 2 channels 

(8) Pattern generators: 4 bits, 2 channels 

(9) Serial interface: 2 channels 

(10) 10-bit A/D converter: 6 channels 

(11) Watchdog timer 

(12) Chip select/wait controller: 5 blocks 

(13) Interrupt functions 

• 3 CPU interrupts.SWI instruction, privileged violation, 

and Illegal instruction 

• 18 internal interrupts— 1 . 

,. 7-level priority can be set. 

• 6 external interrupts —' 

(14) I/C ports: Maximum 64 pins 

(15) Standby function : 3 halt modes (RUN, IDLE, STCP) 
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(ANO) P50- 
(AND P51 - 
(AN2) P52- 
(AN3)P53- 
(AN4) P54 - 
(AN5)P55- 
VREF- 
AVCC- 
AGND- 


(TXDO) P90 - 
(RXD0)P91 - 
(CTSO/SCLKO) P92 ■ 


(TXD1)P93 - 
(RXD1)P94 - 
(SCLK1) P95 - 


(PGOO) P60 
(PG01)P61 
(PG02) P62 
(PG03) P63 
(PG10) P64 
(PGn)P65 
(PG12) P66 
(PG13) P67 


10-BIT 6CH 
A/D 

CONVERTER 


SERIAL I/O 
(CH.O) 


SERIAL I/O 
(CH.1) 


(TIO) P70- 

(T01) P71- 

(T02) P72- 

(T03)P73- 


(INT4/TI4) P80' 
(INT5/TI5) P81 - 
(T04) P82 ' 
(T05) P83- 

(;NT6/TI6) P84- 
(1NT7/TI7) P8S- 
(T06) P86- 


PATTERN 

GENERATOR 

(CH.O) 


PATTERN 

GENERATOR 

(CH.1) 


8BIT TIMER 
(TIMER 0) 


8B1T TIMER 
(TIMER 1) 


8BITPWM 
(TIMER 2) 


8BITPWM 
(TIMER 3) 


16BIT TIMER 
(TIMER 4) 


16BIT TIMER 
(TIMERS) 



INTERRUPT 

CONTROLLER 







DMA 


CS/WAIT 

CHO 

CHI 

CH2 

CH3 



CONTROLLER 







(5-BLOCK) 


n IIII !i mi l' 


- VCC[3] 

- VSS [31 


-XI 
• X2 


-CLK 

-CSEL 

-Aiyi^ie 
-RESET 
• ALE 


- NMi 


• AD8~AD15/A8~A15 


P20~P27 

(A16~A23) 


•P40(CS0/CAS0) 

•P41(CS1/CAS1) 

■P42(CS2/CAS2) 

•P43(CS3/CAS3) 

■P44(CS4/CAS4) 



Figure 1. TMP96C081F Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96C081F, their Figure 2.1 shows pin assignment of TMP96C081F. 

name and outline functions. 


ANO P50 91 
(AN1)P51 92 
(AN2)P52 93 
(AN3)P53 94 
(AN4)P54 95 
(AN5)P55 96 
AVCC 97 
VREF 98 
AGND 99 
VSS 100 

(PGOO) P60 1 

(PG01)P61 2 

(PG02) P62 3 

(PG03) P63 4 

(PG10)P64 5 

(PG11)P65 6 

(PG12)P66 7 

(PG13)P67 8 

(TIO) P70 9 

(T01)P71 10 

(T02) P72 11 

(T03)P73 12 
(INT4yTI4)P80 13 
(INT5yTI5)P81 14 
(T04) P82 15 

(T05)P83 16 
(INT6m6)P84 17 
(INT7/TI7)P85 18 
(T06)P86 19 
(INT0)P87 20 
NMI 21 
W bTOUT 22 
RESET 23 
CLK 24 
VSS 25 
XI 26 
X2 27 
AM8/16 28 
(TXD0)P90 29 
(RXD0)P91 30 

(SCLKO/CTSO) P92 31 
(TXD1)P93 32 
(RXD1)P94 33 
(SCLK1)P95 34 
ALE 35 
VCC 36 
ADO 37 
ADI 38 
AD2 39 
AD3 40 



90 

PB4 (lOWR) 

89 

PB3 (lORD) 

88 

PB2 (TO 

87 

PB1 (EOP) 

86 

PBO (AEN) 

85 

VCC 

84 

PA7 (DACk3) 

83 

82 

PA6 (DRE03) 
PA5 (DACK2) 

81 

PA4 (DREQl) 

80 

PA3 (DACK1) 

79 

PA2 (DREQ1) 

78 

PA1 (DACKO) 

77 

PAO (DREQO) 

76 

CSEL 

75 

P44 (CS4/CAS4) 

74 

P43 {CS3/CAS3) 

73 

P42 (CS2/CAS2) 

72 

P41 (CS1/CAS1) 

71 

P40 (CSO/CASO) 

70 

VCC 

69 

P37 (RAS) 

68 

P36 (R/W) 

67 

P35(BUSAK) 

66 

P34 (BUSRQ) 

65 

P33 (WAIT) 

64 

P32 (HWR) 

63 

WR 

62 

RD 

61 

P27 {A7/A23) 

60 

P26 (A6/A22) 

59 

P25(A5/A21) 

58 

P24 {A4/A20) 

57 

P23(A3/A19) 

56 

P22 {A2/A18) 

55 

P21 (A1/A17) 

54 

P20(A0/A16) 

53 

VSS 

52 

AD15/A15 

51 

AD14/A14 

50 

ADI 3/A 13 

49 

AD12/A12 

48 

AD11/A11 

47 

ADI 0/A 10 

46 

AD09/A9 

45 

AD08/A8 

44 

AD7 

43 

AD6 

42 

ADS 

41 

AD4 


Figure 2.1. Pin Assignment (100-pin QFP) 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-429 







TMP96C081F 


TLCS-900 16-bit Microcontroller 


2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 


Table 2.2. Pin Names and Functions 


Pin Name 

Number 
of Pins 

I/O 

Functions 

AD0~AD7 

8 

Tri-state 

Address/data (lower); 0 - 7 for address/data bus 

AD8~AD15 

8 

Tri-state 

Address data (upper): 8 -15 for address/data bus 

A8~A15 

Output 

Address: 8 to 15 for address bus 

P20~P27 


I/O 

Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 

A0~A7 

8 

Output 

Address; 0 - 7 for address bus 

A16~A23 


Output 

Address: 16-23 for address bus 

m 

1 

Output 

Read: Strobe signal for reading external memory 

WR 

1 

Output 

Write: Strobe signal for writing data on pins ADO -7 

P32 

1 

I/O 

Port 32: I/O port (with pull-up resistor) 

HWR 

Output 

High write: Strobe signal for writing data on pins AD8 -15 

P33 

1 

I/O 

Port 33: I/O port (with pull-up resistor) 

WAIT 


Input 

Wait; Pin used to request CPU bus wait 

P34 


I/O 

Port 34: I/O port (with pull-up resistor) 

BUSRQ 

1 

Output 

Bus request: Signal used to request high impedance for ADO -15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 



Input 

CS1, CS2, CS3 and CS4 pins. (For external DMAC) 

P35 


I/O 

Port 35:1/0 port (with pull-up resistor) 

BUSAK 

1 

Output 

Bus ^owledge; Strobe indicating that ADO -15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1, CS2, CS3 
and CS4 pins are at high impedance after receiving BUSRQ. (For external DMAC) 

P36 

■\ 

I/O 

Port 36: I/O port (with pull-up resistor) 

R/W 


Output 

Read/write: 1 represents read or dummy cycle 0, write cycle. 

P37 

1 


Port 37; 1/0 port (with pull-up resistor) 

RAS 

^HHI 

Row address strobe: Outputs RAS strobe for DRAM. 

P40 



Port 40: I/O port (with pull-up resistor) 

CSO 

1 


Chip select 0; Outputs 0 when address is within specified address area. 

CASO 



Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 

P41 



Port 41:1/0 port (with pull-up resistor) 

CS1 

1 


Chip select 1: Outputs 0 if address is within specified address area. 

CAS1 



Column address strobe 1; Outputs CAS strobe for DRAM when address Is within specified address area. 

P42 



Port 42; 1/0 port (with pull-up resistor) 

CS2 

1 


Chip select 2: Outputs 0 if addressJ^ithin specified address area. 

CAS2 



Column address strobe 2: Outputs CAS strobe for DRAM when address is within specified address area. 

P43 


I/O 

Port 43:1/0 port (with pull-up resistor) 

CS3 

1 

Output 

Chip select 3: Outputs 0 if address is within specified address area. 

CAS3 


Output 

Column address strobe 3: Outputs CAS strobe for DRAM if address is within specified address area. 

P44 


I/O 

Port 43: I/O port (with pull-up resistor) 


1 

Output 

Chip select 3: Outputs 0 if address Mthin specified address area. 



Output 

Column address strobe 4: Outputs CAS strobe for DRAM if address is within specified address area. 


Note: The internal I/O of this device cannot be accessed using the external DMA controller. 
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Pin Name 

Number 
of Pins 

I/O 

Functions 

P50~P53 


Input 

Port 5: Input port 

AN0-~AN5 


Input 

Analog input: Input to A/D converter 

VREF 

1 


Pin for reference voltage input to A/D converter 

AVCC 

1 


Power supply pin for A/D converter 

AGND 

1 


Ground 

P60~63 

4 

I/O 

Port s 60 - 63: I/O ports that allow selection of I/O on a bit basis 

PGOO-03 


Output 

Pattern generator ports: 00 - 03 

P64~67 

A 

I/O 

Port s 64 - 67: I/O ports that allow selection of I/O on a bit basis 

PG10~13 


Output 

Pattern generator ports: 10-13 

P70 

1 

I/O 

Port 70: I/O port 

TIO 

Input 

Timer input 0: Timer 0 or 1 output 

P71 

1 

I/O 

Port 71: I/O port 

T01 

Output 

Timer output 1: Timer 0 or 1 output 


1 


Port 72: I/O port 



PWM output 2:8-bit PWM timer 2 output 

P73 

1 

I/O 

Port 73: I/O port 

T03 

I 

Output 

PWM output 3:8-bit PWM timer 3 output 

P80 


I/O 

Port 80: I/O port 

T14 

1 

Input 

Timer output 4: Timer 4 count/capture trigger signal input 

INT4 


Input 

Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge. 

P81 


I/O 

Port 81: I/O port 

TI5 

1 

Input 

Timer output 5: Timer 4 count/capture trigger signal input 

INT5 


Input 

Interrupt request pin 5: Interrupt request pin with programmable rising edge. 

P82 

1 

I/O 

Port 82: I/O port 

T04 

Output 

Timer output 4: Timer 4 output pin 

P83 

1 

I/O 

Port 83: I/O port 

T05 

Output 

Timer output 5: Timer 4 output pin 


Note: Pull-up/pull-down resistor can be released from the pin by software. 
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Pin Name 

Number 
of Pins 

I/O 

Functions 

P84 


I/O 

Port 84: I/O port 

TI6 

1 

Input 

Timer input 6; Timer 5 counl/capture trigger signal input 

INT6 


Input 

Interrupt request pin 6; Interrupt request pin with programmable rising/falling edge 

P85 


I/O 

Port 85: I/O port 

TI7 

1 

Input 

Timer output 7: Timer 5 count/capture trigger signal input 

INT7 


Input 

Interrupt request pin 7: Interrupt request pin with rising edge 

P86 

1 

I/O 

Port 86: I/O port 

T06 

Output 

Timer output 6: Timer 5 output pin 

P87 

i 

I/O 

Port 87: I/O port 

INTO 


Input 

Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 

P90 

i 

I/O 

Port 90: I/O port 

TXDO 


Output 

Serial send data 0 

P91 

1 

I/O 

Port 91: I/O port 

RXDO 


Input 

Serial receive data 0 

P92 

1 

I/O 

Port 92: I/O port 

CTSO 

Input 

Serial data send enable 0 (Clear to Send) 

P93 

1 

I/O 

Port 931/0 port 

TXD1 

Output 

Serial send data 1 

P94 

1 

I/O 

Port 94: I/O port 

RXD1 

1 

Input 

Serial receive data 1 

P95 

I 

I/O 

Port 95: I/O port 

SCLK1 

1 

I/O 

Serial clock I/01 

PAO 

i 

I/O 

Port AO: I/O port 

DREQO 

1 

Input 

DMA request 0: DMA channel 0 request pin 

PA1 

i 

I/O 

Port A1: I/O port 

DACKO 

1 

Output 

DMA acknowledge 0: DMA channel 0 acknowledge signal 

PA2 

1 

I/O 

Port A2: I/O port 

DREQ1 

Input 

DMA request 1: DMA channel 1 request pin 

PAS 

■1 

I/O 

Port A3: I/O port 

DACK1 

1 

Output 

DMA acknowledge 1: DMA channel 1 acknowledge signal 

PA4 

1 

I/O 

Port A4: I/O port 

DREQ2 

Input 

DMA request 2: DMA channel 2 request pin 


Note: Puil-up/pull-down resistor can be released from the pin by software. 


MCU900-432 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 





TLCS-900 16-bit Microcontroller 


TMP96C081F 


Pin Name 

Number 
of Pins 

i/0 

Functions 

PAS 

1 

I/O 

Port AS; I/O port 

DACK2 

Output 

DMA acknowledge 2: DMA channel 2 acknowledge signal 

PA6 

1 

I/O 

Port A6: I/O port 

DREQ3 

Input 

DMA request 3: DMA channel 3 request pin 

PA7 

1 

I/O 

Port A7: I/O port 

DACK3 


Output 

DMA acknowledge 3: DMA channel 3 acknowledge signal 

PBO 

1 

I/O 

Port BO: I/O port 

AEN 

Output 

Address enable; Enabled when internal DMA has bus mastership 

PB1 

1 


Port B1: I/O port 

EOP 


Input 

DMA acknowledge 3: DMA channel 3 acknowledge signal 


1 


Port B2: I/O port 



Terminal count; Output signal to indicate transfer completion. 

PB3 

I 

I/O 

Port B3: I/O port 

lORD 


Output 

I/O read signal: Strobe signal for reading external I/O when DMA is in signal address mode. 

PB4 

1 

I/O 

Port B4: I/O port 

lOWR 

Output 

I/O write signal; Strobe signal for writing external I/O when DMA is in signal address mode. 

WDTOUT 

1 

Output 

Watchdog timer output pin 

m 

1 

Input 

Non-maskable interrupt request pin: Interrupt request pin with falling edge. Can also be operated at rising 
edge by program. 

CLK 

1 

Output 

Clock output: OutputsL X1 ^ 41 clock. Pulied-up during reset. 

AM8/i6 

1 

Input 

Address mode: Selects external Data Bus width. 

“0” should be input with fixed 16 bit Bus width or 16 bit Bus interfaced width 8bit Bus. 




“1” should be input with fixed 8 bit Bus width. 

CSEL 

1 

Input 

CPU sleet: Signal used for emulation. Fix either “0” or “1”. 

ALE 

1 

Output 

Addres latch enable 

RE^ 

1 

Input 

Reset:: Initializes LSI. (With pull-up resistor) 

X1/X2 

2 

I/O 

Oscillator connecting pin 

VCC 

2 


Power supply pin (+5V)pin 

VSS 

2 


GNDpin(OV) 


Note: Pull-up/pull-down resistor can be released from the pin by software. 
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3. Operation 

This section describes in blocks the functions and basic oper¬ 
ations of the TMP96C081F device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 

3.1 CPU 

The TMP96C081F device has a built-in high-performance 16- 
bit CPU. (For CPU operation, see TLCS-900 CPU in the book 
Core Manual Architecture User Manual.) 

This section describes CPU functions unique to 
TMP96C081F that are not described in the previous section. 


3.1.1 Reset 

To reset the TMP96C081F, the RESET input must be kept at 0 
for at least 10 system clocks (10 states: 1 ns with a 20MHz 
system clock) within an operating voltage range and with a 
stable oscillation. 

When reset is accepted, the CPU sets as follows: 

• Program counter (PC) to 8000H. 

• Stack pointer (XSP) for system mode to 100H. 

• SYSM bit of status register (SR) to 1. (Sets to system mode.) 

• IFF2 to 0 bits of status register to 111. (Sets mask register to 
interrupt level 7.) 

• MAX bit of status register to 0. (Sets to minimum mode.) 

• Bits RFP2 to 0 of status register to 000. (Sets register banks 
toO.) 

When reset is released, instruction execution starts from 
address 8000H. CPU internal registers other than the above 
are not changed. 

When reset is accepted, processing for built-in I/Os, 
ports, and other pins is as follows: 

• Initializes built-in I/O registers as per specifications. 

• Sets port pins (including pins also used as built-in I/Os) to 
general-purpose input/output port mode (sets I/O ports to 
Input ports). 

• Sets the WDTOUT pin to 0. (Watchdog timer is set to enable 
after reset.) 

• Pulls up the CLK pin to 1. 

• Sets the ALE pin to 0. 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96C081F. 


Internal I/O 
(256 Byte) 


External memory 
{32K-128 Byte) 


008000H 

008200H 


010000H 


FFFFFFH 


Interrupt entry area 
.i32_e.nt/ies x_16 bytej_. 


Interrupt entry area 
(32K Byte) 


Direct area (n) 


64KByte area 
(nn) 


External memory 
(16M-64KByte) 


16MByte area 

(R) 

(-R) 

(R + ) 

(R + R8/16) 
(R+d8/16) 
(nnn) 


( I I = Internal area) 


Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to 100H. 


Figure 3.2. Memory Map 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-435 








TMP96C081F 


TLCS-900 16-bit Microcontroller 


3.3 Interrupts The TMP96C081F has altogether the following 27 inter- 

TLCS-900 interrupts are controlled by the CPU interrupt mask sources: 

flip-flop (IFF2 to 0) and the built-in interrupt controller. 


• Interrupts from the CPU ■ -3 

(Software interrupts, privileged violations, and Illegal (undefined) instruction execution) 

• Interrupts from external pins (NMI, INTO, and INT4 to 7)-•■6 

• Interrupts from built-in I/Os - • • 18 


A fixed individual interrupt vector number is assigned to 
each interrupt source; six levels of priority (variable) can also be 
assigned to each maskable interrupt. Non-maskable interrupts 
have a fixed priority of 7. 

When an interrupt is generated, the interrupt controller 
sends the value of the priority of the interrupt source to the 
CPU. When more than one interrupt is generated simulta¬ 
neously, the interrupt controller sends the value of the highest 
priority (7 for non-maskable interrupts is the highest) to the 
CPU. 

The CPU compares the value of the priority sent with the 
value in the CPU interrupt mask register (IFF2 to 0). If the value 
is greater than that of the CPU interrupt mask register, the 
interrupt is accepted. The value in the CPU interrupt mask reg¬ 
ister (1FF2 to 0) can be changed using the El instruction (con¬ 
tents of the E! num/IFF <2:0> = num). For example, 
programming El 3 enables acceptance of maskable interrupts 


with a priority of 3 or greater, and non-maskable interrupts 
which are set in the interrupt controller. The Dl instruction (IFF 
<2:0> = 7) operates in the same way as the El 7 instruction. 
Since the priority values for maskable interrupts are 0 to 6, the 
Dl instruction is used to disable maskable interrupts to be 
accepted. The El instruction becomes effective immediately 
after execution. (With the TLCS-90, the El Instruction becomes 
effective after execution of the subsequent instruction.) 

In addition to the general-purpose interrupt processing 
mode described above, there is also a high-speed micro DMA 
processing mode. High-speed micro DMA is a mode used by 
the CPU to automatically transfer byte or word data. It enables 
the CPU to process interrupts such as data saves to built-in I/Os 
at high speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 
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General-purpose 
interrupt processing 



Figure 3.3 (1). Interrupt Processing Flowchart 
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3.3.1 General-Purpose Interrupt Processing 

When accepting an interrupt, the CPU operates as follows: 

(1) The CPU reads the interrupt vector from the interrupt 
controller. When more than one interrupt with the same 
level is generated simultaneously, the interrupt controller 
generates interrupt vectors in accordance with the 
default priority (which is fixed as follows: the smaller the 
vector value, the higher the priority), then clears the inter¬ 
rupt request. 

(2) The CPU pushes the program counter and the status 
register to the system stack area (area indicated by the 
system mode stack pointer). 

(3) The CPU sets a value in the CPU interrupt mask register 
<IFF2 to 0> that is higher by 1 than the value of the 
accepted interrupt level. However, if the value is 7, 7 is 
set without an increment. 

(4) The CPU sets the <SYSM> flag of the status register to 1 
and enters the system mode. 

(5) The CPU jumps to address 8000H + interrupt vector, 
then starts the interrupt processing routine. 


The table below shows the number of execution states 
for the above processing times. 


Bus Width of Stack Area 

Interrupt Processing State Number 

MAX mode 

Min mode 

8-bit 

23 

19 

16-bit 

17 

15 


To return to the main routine after completion of the inter¬ 
rupt processing, the RETl instruction is usually used. Executing 
this instruction restores the contents of the program counter 
and the status registers. 

Though acceptance of non-maskable interrupts cannot 
be disabled by program, acceptance of maskable interrupts 
can. A priority can be set for each source of maskable inter¬ 
rupts. The CPU accepts an interrupt request with a priority 
higher than the value in the CPU mask register <IFF2 to 0>. 
The CPU mask register <IFF2 to 0> is set to a value higher by 
1 than the priority of the accepted interrupt. Thus, if an inter¬ 
rupt with a level higher than the interrupt being processed is 
generated, the CPU accepts the interrupt with the higher level, 
causing interrupt processing to nest. 

The interrupt request with a priority higher than the 
accepted now interrupt during the CPU is processed above (1) 
~ (5) is accepted before the 1 ’st instruction in the interrupt pro¬ 
cessing routine, causing interrupt processing to nest. This is 
the same case of over lapped each Non-maskable interrupt 
(level “7”).) The CPU does not accept an interrupt request of 
the same level as that of the interrupt being processed. 

Resetting initializes the CPU mask registers <IFF2 to 0> 
to 7; therefore, maskable interrupts are disabled. 

The addresses 008000H to 0081FFH (512 bytes) of the 
TLCS-900 are assigned for interrupt processing entry area. 
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Table 3.3 (1) TMP96C081F Interrupt Table 


Default Priority 

Type 

interrupt Source 

Vector Value 

“V” 

Start Address 

High-Speed 
Micro DMA 
Start Vector 

1 


Reset 

. or SW10 instruction 

0 0 0 0 H 

8 0 0 0 H 

- 

2 


INTPREV: 

Privileged violation, or SWI1 

0 0 1 0 H 

8 0 1 0 H 

- 

3 


INTUNDEF: 

Illegal instruction, or SWI2 

0 0 2 0 H 

8 0 2 0 H 

- 

4 


SWI3 Instruction 


0 0 3 0 H 

8 0 3 0 H 

- 

5 

Non- 

Maskable 

SWI4 Instruction 


0 0 4 0 H 

8 0 4 0 H 

- 

6 

SWI 5 Instruction 


0 0 5 0 H 


- 

7 


SWI 6 Instruction 


0 0 6 0 H 

8 0 6 0 H 

- 

8 


SWI 7 Instruction 


0 0 7 0 H 

8 0 7 0 H 

- 

9 


MPin 


0 0 8 0 H 

8 0 8 0 H 

08H 

10 


INTWD; 

Watchdog timer 

0 0 9 0 H 

8 0 9 0 H 

09H 

11 


INTO pin 


0 0 A 0 H 

8 0 A 0 H 

OAH 

12 


INT4pin 


0 0 B 0 H 

8 0 B 0 H 

OBH 

13 


INT5 pin 


0 0 C 0 H 

8 0 C 0 H 

OCH 

14 


INT6pin 


0 0 D 0 H 

8 0 D 0 H 

ODH 

15 


INT7 pin 


0 0 E 0 H 

8 0 E 0 H 

OEH 

32 


INTAD: 

A/D conversion completion 

0 0 F 0 H 

8 0 F 0 H 

OFH 

16 


INTTO: 

8-bit timer 0 

0 1 0 0 H 

8 1 0 0 H 

10H 

17 


INHI: 

8-bit timer 1 

0 1 1 0 H 

8 1 1 0 H 

11H 

18 


INn2: 

8-bit timer 2/PWMO 

0 1 2 0 H 

8 1 2 0 H 

12H 

19 


INn3: 

8-bit timer 3/PWM1 

0 1 3 0 H 

8 1 3 0 H 

13H 

20 

Maskable 

INTTR4: 

16-bit timer 4 (TREG4) 

0 1 4 0 H 

8 1 4 0 H 

14H 

21 

INnR5; 

16-bit timer 4 (TREG5) 

0 1 5 0 H 

8 1 5 0 H 

15H 

22 


INnR6: 

16-bit timer 5 (TREG6) 

0 1 6 0 H 

8 1 6 0 H 

16H 

23 


INTTR7: 

16-bit timer 5 (TREG7) 

0 1 7 0 H 

8 1 7 0 H 

17H 

24 


INTRXO; 

Serial receive (Channel.0) 

0 1 8 0 H 

8 1 8 0 H 

18H 

25 


INTTXO; 

Serial send (Channel.O) 

0 1 9 0 H 

8 1 9 0 H 

19H 

26 


INTRX1: 

Serial receive (Channel. 1) 

0 1 A 0 H 

8 1 A 0 H 

1AH 

27 


INTTX1: 

Serial send (Channel.1) 

0 1 B 0 H 

8 1 B 0 H 

IBM 

28 


DMAO: 

DMA channel 0 

0 1 C 0 H 

8 1 C 0 H 

1CH 

29 


DMA1: 

DMA channel 1 

0 1 D 0 H 

8 1 D 0 H 

1DH 

30 


DMA2; 

DMA channel 2 

0 1 E 0 H 

8 1 E 0 H 

1EH 

31 


DMA3: 

DMA channel 3 

0 1 F 0 H 

8 1 F 0 H 

1FH 
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3.3.2 High-Speed Micro DMA 

In addition to the conventional interrupt processing, the TLCS- 
900 also has a high-speed micro DMA function. When an inter¬ 
rupt is accepted, in addition to an interrupt vector, the CPU 
receives data indicating whether processing is high-speed micro 
DMA mode or general-purpose interrupt. If high-speed micro 
DMA mode is requested, the CPU performs high-speed micro 
DMA processing. 

The TLCS-900 can process at very high speed com¬ 
pared with the TLCS-90 micro DMA because it has transfer 
parameters in dedicated registers in the CPU. Since those 
dedicated registers are assigned as CPU control registers, they 
can only be accessed by the LDC (privileged) instruction. 

(1) High-Speed Micro DMA Operation 

High-speed micro DMA operation starts when the accepted 
interrupt vector value matches the micro DMA start vector 
value set in the interrupt controller. The high-speed micro DMA 
has four channels so that it can be set for up to four types of 
interrupt source. 

When a high-speed micro DMA interrupt is accepted, 
data is automatically transferred from the transfer source 
address to the transfer destination address set in the control 
register, and the transfer counter is decremented. If the value in 
the counter after decrementing is other than 0, high-speed 
micro DMA processing is completed. If the value in the counter 
after decrementing is 0, general-purpose interrupt processing 
is performed. In read-only mode, which is provided for DRAM 
refresh, the value in the counter is ignored and dummy read is 
repeated. 

The 32-bit control registers are used for setting transfer 


source/destination addresses. However, the TLCS-900 has 
only 24 address pins for output. A16M-byte space is available 
for the high-speed micro DMA. Also in normal mode operation, 
the all address space (in other words, the space for system 
mode which is set by the CSAVAIT controller) can be 
accessed by high-speed micro DMA processing. 

There are two data transfer modes: one-byte mode and 
one-word mode. Incrementing, decrementing, and fixing the 
transfer source/destination address after transfer can be done 
in both modes. Therefore data can easily be transferred 
between I/O and memory and between I/Os. For details of 
transfer modes, see the description of transfer mode registers. 

The transfer counter has 16 bits, so up to 65536 trans¬ 
fers (the maximum when the initial value of the transfer counter 
is OOOOH) can be performed for one interrupt source by high¬ 
speed micro DMA processing. 

After transferring data using the high-speed micro DMA 
and the transfer counter has been decremented to 0, the pro¬ 
gram goes to a general-purpose interrupt processing. Note 
that after interrupt processing, when an interrupt for the same 
channel is generated, if the system requires resetting the trans¬ 
fer counter starts from 65536. 

For the source and destination address registers, please 
reset the register number when specifying a particular register 
number. Otherwise, the register number is counted in order. 

Interrupt sources processed by high-speed micro DMA 
processing are those with the high-speed micro DMA start 
vectors listed in Table 3.3 (1). 

The following timing chart shows a high-speed micro DMA 
cycle of the transfer address in increment mode (all modes 
except the Read-only mode operate similarly). (Condition: MIN 
mode, 16-bit Bus width for 16M Byte, 0 wait) 
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High-Speed //DMA cycle (COUNT = 0) 


(Notel) This is added 2 states the case of the bus width of source address 
area is 8bit 

(Note2) This is added 2 states the case of the bus width of destination 
address area is 8bit 


(Note3) This may be a dummy cycle with instruction queue buffer. 
(Note4) This is added 2 states the case of the bus width of stack address 
area is 8bit 
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(2) Register Configuration (CPU Control Register) 


ChannelO 


DMASO 

DMADO 


1 DMACO 1 



DMAMO 


Channell 


DMAS! 

DMAD1 


DMAC1 1 



DMAMl 


Channel2 


DMAS2 

DMAD2 


DMAC2 



DMAM2 


Channels 


DMAS3 

DMAD3 


DMAC3 1 



DMAM3 

-^8bit-*- 




Transfer source address register 0 
Transfer destination address register 0 
Transfer counter register 0 
Transfer mode register 0 

Transfer source address register 1 
Transfer destination address register 1 
Transfer counter register 1 
Transfer mode register 1 

Transfer source address register 2 
Transfer destination address register 2 
Transfer counter register 2 
Transfer mode register 2 

Transfer source address register 3 
Transfer destination address register 3 
Transfer counter register 3 
Transfer mode register 3 


This Control Register cannot be set only “LDC or, r” instruction. 


(Use only lower 24 bits.) 
(1-65536) 
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(3) Transfer Mode Register Details 


(DMAM0~3) 



Note : When specifying values for this 
register, set the upper 4 bits to 0. 


I— Z: 0 = byte transfer, 1 = word transfer 


execution time (Min.) 


0 0 0 z 

Transfer destination address INC mode . for I/O to memory 

(DMADn+)«-(DMASn) 

DMACn4-DMACn -1 
if DMACnsOthen INT. 

16 states 

(1.6^s) 

0 0 1 z 

Transfer destination address DEC mode . for I/O to memory 

(DMADn-)<-(DMASn) 

DMACn<-DMACn -1 
if DMACn = 0 then INT. 

16 states 

(1.6//S) 

0 1 0 z 

Transfer source address INC mode . for I/O to memory 

(DMADn) <-(DMASn+) 

DMACn<-DMACn - 1 
if DMACn =0 then INT. 

16 states 

i'i.Sjus) 

0 1 1 z 

Transfer source address DEC mode . for I/O to memory 

(DMADn) <-(DMASn-) 

DMACn<-DMACn -1 
if DMACn =0 then INT. 

16 states 

(1.6//S) 

1 0 0 z 

Fixed address mode . I/O to I/O 

(DMADn)(DMASn) 

DMACn^-DMACn -1 
if DMACn =0 then INT. 

16 states 

(1-6/.S) 

10 10 

Read-only mode . for DRAM refresh 

Dummy<-(DMASn) ; Reads 4 bytes. 

DMASn^-DMASn 4 ; Increments lower word only. 
DMACn<-DMACn - 1 

14 states 

(1.4//S) 

10 11 

Counter mode. for interrupt counter 

DMASn<-DMASn -h 1 

DMACn<-DMACn - 1 
if DMACn =0 then INT. 

11 states 

(l-Vs) 

(1 states = 100ns @ 20MHz) 


Note ; n : corresponds to high-speed /<DMA channels 0-3. 

DMADn / DMASn + : Post-increment (Increments register value after 
transfer.) 

DMADn—/DMASn — : Post-decrement (Decrement register value after transfer.) 
Excution time : Indicates when the destination/source address space is 16-bit bus 
width and is set to 0 WAIT. 


All address space which is can be accessed by high- select/wait controller. Do not use undefined codes for transfer 
speed ^iDMA is the space for system mode, specified chip mode control. 
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(4) Example for High-Speed Micro DMA Operation 

< Example for usage of read only mode (DRAM refresh)> 

When the hardware configuration is as follows: 

DRAM mapping size: = 1 MB 
DRAM data bus size: = 8 bits 
DRAM mapping address range: = 10OOOOOH to 

1FFFFFFH 

Set the following registers first; refresh is performed auto¬ 
matically. 

(D Register initial value setting 
LD XIX, 1000000H 

LDC DMASO, XIX • • mapping start address 
LD A, 0000101 OB 

LDC DMAMO, A • read only mode (for DRAM 
refresh 

(D Timer setting 

Set the timers so that interrupts are generated at inter¬ 
vals of 62.5ns or less. 

(D Interrupt controller setting 

Set the timer interrupt above level at the other desired 
interrupt request level. Write the above timer interrupt 
vector value in the micro DMA start vector register, 
DMAOV. 

(Operation description) 

The DRAM data bus is in an 8-bit bus and the high¬ 
speed jiDMA is in read-only mode (4 bytes), so refresh 
is performed for four times per interrupt. 

When a 512 refresh/8ms DRAM is connected, DRAM 
refresh is performed sufficiently if the high-speed 
nDMA is started every 15.625ns x 4 = 62.4ns or less, 
since the timing is 15.625ns/refresh. 

(Overhead) 

Each processing time by the high-speed nDMA is 
1.8ns (18 states) @ 20MHz with an 8-bit data bus. 

In the above example, the micro DMA is started every 
62.5ns, 1.8ns/62.5ns = 0.0288; thus, the overhead is 
2 . 88 %. 

(Note) 

Please be aware that a refresh is ineffective at a bus 
release which an interrupt is in a wait state, because 
the high-speed micro DMA is started by an interrupt. 


3.3.3 Interrupt Controller 

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The 
left half of the diagram shows the interrupt controller; the right 
half includes the CPU interrupt request signal circuit and the 
HALT release signal circuit. 

Each interrupt channel (total of 20 channels) in the inter¬ 
rupt controller has an interrupt request flip-flop, interrupt prior¬ 
ity setting register, and a register for storing the high-speed 
micro DMA start vector. The interrupt request flip-flop is used 
to latch interrupt requests from peripheral devices. The flip-flop 
is cleared to 0 at reset, when the CPU reads the interrupt 
channel vector after the acceptance of interrupt, or when the 
CPU executes an instruction that clears the interrupt of that 
channel (writes 0 in the clear bit of the interrupt priority setting 
register). 

For example, to clear the INTO interrupt request, set the 
register after the Dl instruction as follows. 

INTE0AD<-0 — Zero-dears the INTO Flip Flop. 

The status of the interrupt request flip-flop is detected by 
reading the clear bit. Detects whether there is an interrupt 
request for an interrupt channel. 

The interrupt priority can be set by writing the priority in 
the interrupt priority setting register (e.g., INTEOAD, INTE45, 
etc.) provided for each interrupt source. Interrupt levels to be 
set are from 1 to 6. Writing 0 or 7 as the interrupt priority dis¬ 
ables the corresponding inter rupt request. The priority of the 
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed 
to 7. If interrupt requests with the same interrupt level are gen¬ 
erated simultaneously, interrupts are accepted in accordance 
with the default priority (the smaller the vector value, the higher 
the priority). 

The interrupt controller sends the interrupt request with 
the highest priority among the simultaneous interrupts and its 
vector address to the CPU. The CPU compares the priority 
value <IFF2 to 0> set in the Status Register by the interrupt 
request signal with the priority value sent; if the latter is higher, 
the interrupt is accepted. Then the CPU sets a value higher 
than the priority value by 1 in the CPU SR <IFF2 to 0>. Inter¬ 
rupt requests where the priority value equals or is higher than 
the set value are accepted simultaneously during the previous 
interrupt routine. When interrupt processing is completed (after 
execution of the RETI instruction), the CPU restores the priority 
value saved in the stack before the interrupt was generated to 
the CPU SR <IFF2 to 0>. 

The interrupt controller also has four registers used to 
store the high-speed other micro DMA start vector. These are 1/ 
O registers; unlike other DMA registers (DMAS, DMAD, DMAM, 
and DMAC), they can be accessed in either normal or system 
mode. Writing the start vector of the interrupt source for the 
micro DMA processing (see Table 3.3 (1)), enables the corre¬ 
sponding interrupt to be processed by micro DMA processing. 
TTie values must be set in the micro DMA parameter registers 
(e.g., DMAS and DMAD) prior to the micro DMA processing. 
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Figure 3.3.3 (1). Block Diagram of Interrupt Controller 
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(1) interrupt Priority Setting Register 


(Read-modify-write prohibited.) 


Symbol 

Address 

rj- 

i 6 i 5 

4 

rr: 

i 2 i 1 

i 0._I 



1 INTAD 

! INTO 1 

INTEOAD 

70H 

lADC 

; IADM2 ; IADM1 

; lADMO 

IOC 

i I0M2 ; I0M1 

i lOMO 

RW 

W 

R/W 

w 




0 

•0:0 

0 

0 

: 0 : 0 

_Q_ 



INT5 

INT4 1 

INTE45 

71H 

ISC 

i I5M2 i tSMI 

i I5M0 

I4C 

i I4M2 i I4M1 

i I4M0 

R/W 

W 

RW 

W 




0 

i 0 i 0 

0 

0 

i 0 = 0 

_Q_ 



INT7 

INT6 1 

INTE67 

72H 

I7C 

I7M2 i I7M1 

I7M0 

I6C 

; I6M2 ! I6M1 

: I6M0 

R/W 

W 

RW 

W 




0 

0 0 

0 

0 

o 

o 

0 



INTT1 (Timerl) 

INTTO(TimerO) 1 

INTET10 

73H 

IT1C 

IT1M2 •: IT1M1 

IT1M0 

ITOC 

IT0M2 IT0M1 

ITOMO 

RW 

W 

RAIV 

W 




0 

o 

o 

0 

0 

: 0 i 0 

0 



INTT3 mmer3/PWM1) 

INTT2(Timer2/PWM0) 1 

INTEPW10 

TAW 

IPW1C 

IPW1M2;iPW1M1 

IPW1M0 

IPWOC 

ilPW0M2i|PW0M1 

IPWOMO 


R/W 

W 


R/W 

W 




0 

_ s. _i_Q_ 

0 

_ 

J_Q_i_Q_ 

_Q_ 



INTTR5(TREG5) 

INTTR4(TREG4) 1 

INTET54 

75H 

IT5C 

IT5M2 ; IT5M1 

IT5M0 

IT4C 

: IT4M2 : IT4M1 

IT4M0 

R/W 

W 


R/W 

j W 




0 

_Q_:_0_ 

0 

0 

J_Q_i_0_ 

_Q_ 



INTTR7(TREG7) 

INTTR6 (TREG6) 1 

INTET76 

76H 

IT7C 

IT7M2 i IT7M1 

IT7M0 

IT6C 

j IT6M2 ; IT6M1 

IT6M0 

?MI 

W 


RJ\N 

W 




0 

0 0 

0 

0 

i 0 i 0 

0 



INTTXO 

INTRXO I 



ITXOC 

ITX0M2 i ITX0M1 

ITXOMO 

IRXOC 

: IRX0M2 ! IRX0M1 

IRXOMO 

ESO 


RW 

W 


R/W 

W 




_ 0_ 

0 0 

0 

0 

: 0 i 0 

_0_ 



INTTX1 

INTRX1 1 



ITXIC 

ITX1M2 • ITX1M1 

ITX1M0 

IRX1C 

; IRX1M2 i IRX1M1 

IRX1M0 

INTESl 

78H 

R/W 

W 

R/W 

W 




0 

0 0 

_ 0 _ 

_ 

J_Q_;_0_ 

_ Q _ 



DMA1 1 

DMAO 1 

IMTrUVil AH 


ID1C 

ID1M2 ; ID1M1 

ID1M0 

IDOC 

: ID0M2 ; ID0M1 

lOOMO 

Ini I UIVIAU 

79H 

R/W 

W 

RW 

w 




0 

O 

o 

UTZ] 

_ Q_ 

o 

o 

0 



DMA3 

DMA2 i 



ID3C 

ID3M2 ; ID3M1 

ID3M0 1 

ID2C 

: ID2M2 : ID2M1 

ID2M0 

INTDMAI 

7AH 

R/W 

W ! 

R/W 

w 




0 

0 0 

0 

0 

i 0 ; 0 

0 




<—Interrupt source 
♦-bit Symbol 
♦-Read/Write 
♦-After reset 



lxxM2 

IxxMl 

IxxMO 

Function (Write) 


0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

Prohibits interrupt request. 

Sets interrupt request level to "1". 

Sets interrupt request level to "2". 

Sets interrupt request level to "3". 

Sets interrupt request level to "4". 

Sets interrupt request level to "5". 

Sets interrupt request level to ”6". 

Prohibits interrupt request. 

IxxC 

Function (Read) 

Function (Write) 

0 

Indicates no interrupt request. 

Clears interrupt request flag. 

1 

Indicates interrupt request. 

.Don't care. 
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(2) External Interrupt Control 


IIMC 

(007BH) 


Read-modify-write is 
prohibited. 


Interrupt Input Mode Control Register 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 






iOlE 

IDLE 

NMIREE 

Read/Write 






W 

W 

W 

After reset 






0 

0 

0 

Function 






1; INTO 
input 
enable 

0: INTO 
edge 
mode 

1; INTO 

level 

mode 

1; Can be 
operated 
in NMi 
rising 
edge. 


INTO input enable (Note) 


INTO disable {P87 function only) 


Input enable 


TTic INTO pin can also be used for standby release as described later. 
lOvcn if the pin is not used for standby release, setting this register to 
"0” maintains the port function during standby mode. 




NMi rising edge enable 


Interrupt request generation at 
falling edge 


Interrupt request generation at 
rising/falling edge 


INTO level enable 


Rising edge detect interrupt 


High level interrupt 


Setting of External Interrupt Pin Functions 


Interrupt 

Pin name 

Mode 

Setting method 

Nf^ 



Falling edge 

IIMC<NMIREE>=0 



Rising and falling 
edges 

IIMC<NMIREE> = 1 

INTO 

P87 

J~ 

Rising edge 

IIMC<I0LE> = 0.<I0IE> = 1 

J'V 

Level 

1IMC<IOLE> = 1.<IOIE> = 1 

INT4 

P80 

J~ 

Rising edge 

T4MOC<CAP12M1,0> = 0,0 or 0,1 or 1,1 


Falling edge 

T4MOD<CAP12M1,0> = 1,0 

INT5 

P81 

J~ 

Rising edge 


INT6 

P84 

_r 

Rising edge 

T5MOC<CAP34M1,0> = 0,0 or 0,1 or 1,1 


Falling edge 

T5MOD<CAP34M1,0> = 1,0 

INT7 

P85 

J~ 

Rising edge 
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(3) High-Speed Micro DMA Start Vector 

When the CPU reads the interrupt vector after accepting an 
interrupt, it sinnultaneously compares the interrupt vector with 
each channel’s micro DMA start vector (bits 4 to 8 of the inter¬ 
rupt vector). When both match, the interrupt is processed in 


micro DMA mode for the channel whose value matched. 

If the high-speed jiDMA vector matches more than one chan¬ 
nel, the channel with the lower channel number has a higher 
priority. 


Micro DMAO Start Vector (read-modify-write is not possible.) 




7 1 

6 5 

4 

3 

2 

1 

0 

DMAOV 

bit Symbol 


DMA0V8 

DMA0V7 

DMA0V6 

DMA0V5 

DMA0V4 

(007CH) 

Read/Write 

w 


After reset 


0 

0 

0 

0 

0 


Micro DMA1 Start Vector 




(read-modify-write is not possible.) 



7 j 

6 5 

4 

3 

2 

1 

0 

DMA1V 

bit Symbol 


DMA1V8 

DMA1V7 

DMA1V6 

DMA1V5 

DMA1V4 

{007DH) 

Read/Write 

w 


After reset 

i 1 

0 

0 

0 

0 

0 


Micro DMA2 Start Vector 




(read-modify-write is not possible.) 



7 1 

6 5 

4 

3 

2 

1 

0 

DMA2V 

bit Symbol 


DMA2V8 

DMA2V7 

DMA2V6 

DMA2V5 

DMA2V4 

(007EH) 

Read/Write 

W 


After reset 


0 

0 

0 

0 

0 


Micro DMAS Start Vector 




(read-modify-write is not possible.) 



7 1 

6 5 

4 

3 

2 

1 

0 

DMA3V 

bit Symbol 


DMA3V8 

DMA3V7 

DMA3V6 

DMA3V5 

DMA3V4 

(007FH) 

Read/Write 

w 


After reset 

i i 

0 

0 

0 

0 

0 


(4) Notes 

The instruction execution unit and the bus interface unit of this 
CPU operate independently of each other. Therefore, if the instruc¬ 
tion used to clear an interrupt request flag of an interrupt is fetched 
before the interrupt is generated, it is possible that the CPU might 
execute the fetched instruction to clear the interrupt request flag 


while reading the interrupt vector after accepting the inter¬ 
rupt. If so, the CPU would read the default vector OOAO 
and start the interrupt processing from the address 80A0. 

To avoid this, make sure that the instruction used to 
clear the interrupt request flag comes after the Dl instruction. 
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3.4 Standby Function 

When the HALT instruction is executed, the TMP96C081F 
enters RUN, IDLE, or STOP mode depending on the contents 
of the HALT mode setting register. 

(1) RUN: Only the CPU halts; power consumption remains 

unchanged. 

(2) IDLE: Only the built-in oscillator operates, while all other 

built-in circuits halt. Power consumption is 


reduced to 1/10 or less than that during normal 
operation. 

(3) STOP: All internal circuits including the built-in oscillator 
halt. This greatly reduces power consumption. 


The states of the port pins in STOP mode can be set as 
listed in Table 3.4 (1) using the I/O register WDMOD <DRVE> 
bit. 


WDMOD 

(005CH) 



7 

6 

5 

4 

i 3 

2 

1 

0 

Bit Symbol 

WDTE 

WDTP1 

WDTPO 

WARM 

j HAUM1 

HALTMO 

RESCR 

DRVE 

Read/Write 

R/W 

After reset 

1 

0 

0 

0 

i 0 

0 

0 

0 

Function 

1 ;WDT 
Enable 

00:2^®/fc 

01:2^®/fc 

10;2*/lc 

11: 2^2/10 

Detection time 

Warming up 
time 

0;2^®/fc 

1:2'®/fc 

1 Standby mode 

i 00: RUN mode 

1 01: STOP mode 

1 10; IDLE mode 

i 11: Don’t care 

j 

1: Connects 
watchdog 
timer 
output to 
RESET pin 
internally. 

1: Drive pin 
even in 

STOP 

mode. 


When STOP mode is released by other than a reset, the 
system clock output starts after allowing some time for warm¬ 
ing up set by the warming-up counter fro stabilizing the bulit-in 
oscillator, (same the external oscillator) To release by a reset, it 
is necessary to allow a reset time long enough to allow the 
oscillator to stabilize. 


To release standby mode, a reset or an interrupt i s use d. 
To release IDLE or STOP mode, only an interrupt by the NMI or 
INTO pin, or a reset can be used. The details are described 
below: 


Standby Release by Interrupt 


Level 

Standby 

Interrupt Mask (IFF2 to 0) 

< Interrupt Request Level 

Interrupt Mask (IFF2 to 0) 

> Interrupt Request Level 

RUN 

Can be released by any interrupt. 

After standby mode is released, interrupt processing starts. 
(Note 1) 

Can only be released by INTO pin. 

Processing resumes from address next to HALT instruction. 

IDLE 

Can only be released byMTor INTO pin. After standby mode 
is released, interrupt processing starts. 

(Note 1) 

T 

STOP 

t(Notel) 

T 


Note 1: When releasing standby setting INTO to high level input mode, keep it high until interrupt processing starts. If the level drops to low, interrupt 
processing cannot be started correctly. 
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Table 3.4 (1) Pin States in STOP Mode (1/2) 


Pin Name 

I/O 

DRVErrO 

DRVE»1 

PO 

Input mode/ADO ~ 7 

- 

_ 

Output mode 

- 

Output 

PI 

Input mode/AD8~15 

- 

- 

Output mode/A8~15 

- 

Output 

P2 

. ..j 

Input mode 

PD* 

PD* 

Output mode/AO ~ 7, A16 ~ 23 

PD* 

Output 

RD.WR 

Output 

- 

Output 

P32~P37 

Input mode 

PU 

PU 

Output mode 

PU 

Output 

P40. P41, P43, P44 

Input mode 

Output mode 

PU* 

PU* 


P42(CS2/C^) 

Input mode 

Output mode 

PD* 

PD* 

PD* 

Output 

P50-P53 

Input 

- 

- 

P54 

Input mode 

Input 

Input 

Output mode 

- 

Ouput 

P60~P63 

Input 

- 

Input 

P64 

Input mode 

Input ' 


Output mode 

- 


P7 

Input mode 

- 

HHHHfflQHHIII 

Output mode 

- 



Input mode 

- 

mnnm 

Output mode 

- 

iiiiiii[iiQiQmi[n 


Input mode 

Output mode 

_ 

, 

Output 

P90 

Input mode 

PU* 

PU* 

Output mode 

PU* 

Output 

P91 ~ P93 

Input mode 

- 

Input 

Output mode 

- 

Output 

PA 

Input mode 

- 

Input 

Output mode 

- 

Output 

PB 

Input mode 

- 

Input 

Output mode 

- 

Output 

WDTOUT 

Output 

Output 

Output 

ALE 

Output 

“0” 

“0” 


Input for input mode/input pin is invalid: output mode/output pin is at high impedance. 

I^PI Input enable state 

Input: Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant. 

Output: Output state 

PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set. 

PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set. 

*: Input gate disable state. No through current even if the pin is set to high impedance. 

Note: Port registers are used for controlling programmable pull-up/pull-down. 
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Table 3.4 (1) Pin States in STOP Mode (1/2) 



Input for input mode/input pin is invalid: output mode/output pin is at high impedance. 

HUI Input enable state 

Input: Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant. 

Output; Output state 

PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set. 

PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set. 

*: Input gate disable state. No through current even if the pin is set to high impedance. 

Note: Port registers are used for controlling programmable pull-up/pull-down. 
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3.5 Functions of Ports internal I/Os as well as general-purpose I/O port functions. 

The TMP96C081F has 64 bits for I/O ports. Table 3.5(1) lists the function of each port pin. 

These port pins have I/O functions for the built-in OPU and 


(R: t = With programmable pull-up resistor 

Table 3.5 (1) Functions of Ports 4 = with programmable pull-down resistor 


Port Name 

Pin Name 

Number of 
Pins 

Direction 

R 

Direction Setting Unit 

Pin Name for Built-in Function 

Port2 

P20toP27 

8 

I/O 

i 

Bit 

A0toA/A16toA23 

Porta 

P32 

1 

I/O 

T 

Bit 

hWr 


P33 

1 

I/O 

T 

Bit 

WAIT 


P34 

1 

I/O 

T 

Bit 

BUSRQ 


P35 

1 

I/O 

T 

Bit 

BUSAK 


P36 

1 

I/O 

T 

Bit 

R/W 


P37 

1 

I/O 

T 

Bit 

RAS 

Port4 

P40 

1 

I/O 

T 

Bit 

CSO/CASO 


P41 

1 

I/O 

T 

Bit 

CS1/CAS1 


P42 

1 



Bit 

CS2/CAS2 


P43 

1 



Bit 

CS3/CAS3 


P44 

1 



Bit 

CS4/CAS4 

Ports 

PSOto P55 

6 

Input 

- 

(Fixed) 

AN0~AN5 

Ports 

P60to P67 

8 


t 

Bit 

PG00~P603, PG10~PG13 

Port? 

P70 

1 


- 

Bit 

TIO 


P71 

1 


- 

Bit 

T01 


P72 

1 


- 

Bit 

T02 


P73 

1 

I/O 

- 

Bit 

T03 

Ports 

P80 

1 

I/O 

- 

Bit 

TI4/INT4 


P81 

1 

I/O 

- 

Bit 

TI5/INT5 


P82 

1 1 

I/O 

- 

Bit 

T04 


P83 

1 

I/O 

- 

Bit 

T05 


P84 

1 

I/O 

- 

Bit 

TI6/INT6 


P85 

1 

I/O 

- 

Bit 

TI7/INT7 


P86 

1 


_ 

Bit 

T06 


P87 

1 


- 

Bit 

INTO 

Port9 

P90 

1 

I/O 

t 

Bit 

TxDO 


P91 

1 

I/O 

- 

Bit 

RxDO 


P92 

1 

I/O 

- 

Bit 

CTSO/SCLKO 


P93 

1 

I/O 

T 

Bit 

TxDI 


P94 

1 

I/O 


Bit 

RxDI 


P95 

1 

I/O 


Bit 

SCLK1 

PortA 

PA0~PA7 

8 

I/O 

- 

Bit 

DREQ0~3,DACK0~3 

Ports 

PAO 

1 

I/O 

- 

Bit 

AEN 


PA1 

1 

I/O 

- 

Bit 

EOP 


PA2 

1 

I/O 

- 

Bit 

TO 


PA3 

1 

I/O 

- 

Bit 

lORD 


PA4 

1 

I/O 

- 

Bit 

lOWR 
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Resetting makes the port pins listed below function as 
general-purpose I/O ports. 

I/O pins programmable for input or output are set to input 
ports. 

To set port pins for built-in functions, a program is 
required. 

* Note about the Bus Release and programmable pull-up/ 
down I/O ports. 


When the bus is released (BUSAK = “0”), the output 


buffer for ADO - AD15, AO - /\23, control signal (RD, WR, 
HWR, RAN, RAS, CSO/CASO - CS4/CAS4) is off and their 
state become high-impedance. 

However, the output of built-in programmable pull up/ 
down resistors are kept before the bus is released. These pro¬ 
grammable pull up/down resistors can be selected ON/OFF by 
programmable when they are used as the input ports. 

They are used as the output ports, they cannot be 
selected ON/OFF by programmable. 

The following in the pin state when the bus is released 
(BUSAK = “0”). 


Pin Name 

Pin state at bus release 

Used as the port 

Used as the function 

POO to P07 

AD8to15/A8to15 

- 

becomes high-impedance (HZ). 

RD 

WR 

- 

becomes high-impedance (HZ); 

("Hz” status after these pins are driven to high level.)) 

P32 (HWR) 

P37 (RAS) 

The state is not changed. 

(does not become high-impedance (HZ).) 

The output buffer is “OFF”. 

These pins are added to theinternal resistor of pull-up. I 
t’s no relation for the value of output latch. 

P36(R/W) 

P40 (CSO/CASO) 

P41 {CS1/CAS1) 

P42 (CS3/CAS3) 

P42(CS4/CAS4) 

The state is not changed. 

(does not become high-impedance (HZ).) 

The output buffer is “OFF”. 

These pins are added to theinternal resistor of pull-up. 

It’s no relation for the value of output latch. 

P42(^/CAS2) 

The state is not changed. 

(does not become high-impedance (HZ).) 

The output buffer is “OFF”. 

These pins are added to theinternal resistor of pull-up. I 
t’s no relation for the value of output latch. 

P20-P27 

(A16-A23) 

The state is not changed. 

(does not become high-impedance (HZ).) 

The output buffer is “OFF”. 

These pins are added to theinternal resistor of pull-down. 

It’s no relation for the value of output latch. 
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The following are the example of the interface circuit 
about above the pins the case of the bus releasing function is 
used. 

When bus is released, both internal memory and internal 


I/O can be accessed. But the internal I/O continues to operate. 

So, the watchdog timer also continues to run. Therefore, 
be careful about bus releasing time and set the detection time 
ofWDT. 



System control bus 

) 


Address Bus(A23~A16) 


Example of the interface circuit (Using bus releasing function) 


The above circuit is necessary to fix the signal level the 
case of the bus is released. 

_ Reset t ing sets RD , WR to out put, P40 ^1, P4 3, P44 

(CSO, CS 1,CS3, CS4), P32 (HWR), P36 (R/W), P37 (RAS), 
and P35 (BUSAI<5 to input pull up resistor, P42 (CS2) and P20 
~ 27 (A16 ~ 23) to Input with pull down resistor. 

The above circuit is necessary to fix the signal level after 
reset because of the external pull up resistor collisions with the 
internal pull down resistor. 


The value of this external pull up resistor must be several 
kfl (The value of the internal pull down resistor is about 50 ~ 

150kQ). _ 

P20 ~ P27 (A16 ~ 23) also needs circuit like P42 (CS2) to 
fix the signal level. 

But for the P20 ~ P27 (A16 ~ 23) which does not have 
the means (“L” is active), add pull down directly like above cir¬ 
cuit. 
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3.5.1 Port 2 (P20 - P27) 

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis using the control register P20R and function register 
P2FC. Resetting resets all bits of output latch P2, control regis¬ 
ter P20R and function register P2FO to 0. It also sets Port 2 to 


input mode and connects a pull-down resistor. To disconnect 
the pull-down resistor, write “1” in the output latch. 

In addition to functioning as a general-purpose I/O port, 
Port 2 also functions as an address bus (AO to 7 and A16 to 
23). 



Port 2 
P20~P27 

(A0-A7/A16-A23) 


Figure 3.5 (1). Port 2 
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P2FC 

(0009H) 


Port 2 Function Register 



Note : <P2XF> is bit X in register P2FC; <P2XC>; in register P2CR. 
To set as an address bus A23~ 16. set P2FC after setting P2CR. 


Figure 3.5 (2). Registers for Port 2 
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3.5.2 Port 3 (P32 - P37) 

Port 3 is a 6-bit general-purpose I/O port. 

I/O is set using control register P30R and function regis¬ 
ter P3FC. Resetting resets all bits of output latch P3, control 
register P3CR (bits 0 and 1 are unused), and function register 


P3FO to 0. Resetting sets P32 to P37 to input mode, and 
connects a pull-up resistor. 

In addition to functioning as a general-purpose I/O port. 
Port 3 also functions as an I/O for the CPU’s control/status 
signal. 



P3 read 


Figure 3.5 (3). Port 3 (P32, P35, P36, P37) 
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Figure 3.5 (4). Port 3 {P33, P34) 
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Port 3 Register 



Note) When P33/WAIT pin is used as a WAIT pin, set P3CR<P33C>to '0' 

and bits 3 and 2<Bnw1, 0>of Chip SelectAA/AIT control registerto '010', '100', '101'. 


Figure 3.6 (5). Registers for Port 3 
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3.5.3 Port 4 (P40 - P42) 

Port 4 is a 5-bit is a general-purpose I/O port. I/O can be set on 
a bit basis using control register P4CR and function register. 
Resetting does the following: 

• Sets the P40, P41, P43 and P44 output latch registers to 1. 

• Resets all bits of the P42 output latch register, the control 
register P40R, and the function register P4FC to 0. 

• Sets P40, P41, P43 and P44 to input mode and connects a 
pull-up resistor. 

• Sets P42 to input mode and connects a pull-down resistor. 


To disconnect the resistors, write 0 in the output latch 
(for pull-down). 

In addition to functioning as a general-purpos e I/O port. 
Port 4 also functions as a chip select output signal (CSO to 
CS4 or CAS0toCAS4). 


MCU900-460 
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P4 read 


Figure 3.5 (6). Port 4 
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MCU900-462 


P4 

(OOOCH) 


Port 4 Register 



7 

6 

5 

4 

3 

2 1 

0 

bit Symbol 




P44 

P43 

P42 P41 

P40 

Read/Write 




R/W 

After reset 




Input mode 




1 (Pull-up) 

1 (Pull-up) 

0 (Pull-down): 1 (Pull-up) 

1 (Pull-up) 1 


Port 4 Control Register 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 




P44C 

P43C 

P42C 

P41C 

P40C 

Read/Write 




w 1 

After reset 




0 

0 

0 

0 

. 0. J 




0:IN 1:OUT | 


P4CR 

(OOOEH) 


P4FC 

(OOIOH) 


► I/O setting 


Port 4 Function Register 


0 

Input 

r 

Output 


Read-modify-write is not 
possible for P4CR or P4FC. 



7 

6 

5 

4 

3 

2 

1 0 

bit Symbol 




P44F 

P43F 

P42F 

P41F P40F 

Read/Write 




w 1 

After reset 




0 

0 

0 

0 i 0 

Function 




0: PORT 1 : CS/CAS | 


, .. 1 

1 


0 

Port(P43) 


1 

CS3/CAS3 



0 

Port(P44) 

, 

1 

CS4/CAS4 




0 

Port(P40) 

1 

SO/G^ 


0 

Port (P41) 

1 

CST/CAST 


0 

Port(P42) 

1 

CS2/^S2 


Note : To output chip select signal (CSO/CASO to CS4/CAS4), set the corresponding bits of the 
control register P4CR and the function register P4FC. 

The BOCSL, BICSL, B2CSL, B3CSL and B4CSL registers of the chip select / wait 
controller are used to select the CS/CAS function. 


Figure 3.5 (7). Registers for Port 4 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


































TLCS-900 16-blt Microcontroller 


TMP96C081F 


3.5.6 Port 5 (P50 - P55) 

Port 5 is a 6-bit input port, also used as an analog input pin. 



Figure 3.5 (8). Port 5 


Port 5 Register 



Note) The input channel selection of A/D Converter is set by A/D Converter mode register ADMOD2. 

Figure 3.5 (9). Registers for Port 5 
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3.5.5 Port 6 (P60 - P67) 

Port 6 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port 6 as an input port. It also sets all 
bits of the output latch to 1. In addition to functioning as a gen¬ 
eral-purpose I/O port, Port 6 also functions as a pattern gener¬ 


ator PG0/PG1 output/ PGO is assigned to P60 to P63; PG1, to 
P64 to P67. Writing 1 in the corresponding bit of the port 6 
function register (P6FC) enables PG output. Resetting resets 
the function register P6FC value to 0, and sets all bits to ports. 


Reset 



Figure 3.5 (10). Port 6 
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P6 

(0012H) 


P6CR 

(0014H) 


P6FC 

(0016H) 


Port 6 Register 



7 6 

5 4 

3 ; 2 i 1 

0 

bit Symbol 

P67 P66 

P65 P64 

P63 P62 P61 

P60 

ReadAA/rite 

fVW 

After reset 

Input mode (Output latch register sets to " 1") 

. : . 

1 1 

1 j 1 i 1 



Port 6 Control Register 



Figure 3.5 (11). Registers for Port 6 
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3.5.6 Port 7 (P70 - P73) 

Port 7 is a 4-bit general-purpose I/O port. I/O can be set on bit 
basis. Resetting sets Port 7 as an input port. In addition to 
functioning as a general-purpose I/O port, Port 70 also func¬ 
tions as an input clock pin TIO; Port 71 as an 8-bit timer output 


(T01), Port 72 as a PWMO output (T02), and Port 73 as a 
PWM1 output (T03) pin. Writing 1 in the corresponding bit of 
the Port 7 function register (P7FC) enables output of the timer. 
Resetting resets the function register P7FC value to 0, and sets 
all bits to ports. 



Figure 3.5 (12). Port 7 
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Port 7 Register 




7 .6 ; 5 i 4 : 3 ; 2 

1 0 

P7 

bit Symbol 

P73 P72 

P71 P70 

(0013H) 

Read/Write 

R/W 



; Input mode (Output latch register sets to "I*) 


After reset 

i ; 1 I 1 



Port 7 Control Register 




7:6i5;4i3;2:i 

0 

P7CR 

bit Symbol 

P73C P72C i P71C 

P70C 

(0015H) 

Read/Write 

W 1 


After reset 

O 

o 



Function 

0 : IN 1 : OUT I 


Port 7 Function Register 


Port 7 I/O setting 


"6 

Input 

1 

Output 


P7FC 

(0017H) 



Note) P70/TI0 pin does not have a register changing PORT/FUNCTION. 
For example, when it is used as an input port (P70), the input 
signal for P70 is inputted to 8 bit Timer 0 as a timer input O(TIO). 


Figure 3.5 (13). Registers for Port 7 
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3.5.7 Port 8 (P80 - P87) 

Port 8 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port 8 as an input port. It also sets all 
bits of the output latch register P8 to 1. In addition to function¬ 
ing as a general-purpose I/O port, Port 8 also functions as an 


input for 16-bit timer 4 and 5 clocks, an output for 16-bit timer 
F/F 4, 5, and 6 output, and an input for INTO. Writing 1 in the 
corresponding bit of the Port 8 function register (P8FC) 
enables those functions. Resetting resets the function register 
P8FC value to 0, and sets all bits to ports. 


(1) P80~P86 


Reset 



Figure 3.5 (14). Port 8 {P80 - P86) 
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(2) P87 (INTO) 


P87 (INTO) 


IIMC<IOIE> ||MC<I0LE> 


Figure 3.5 (15). Port 87 



Port 87 IS a general-purpose I/O port, and also used 
as an INTO pin for external interrupt request input. 
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Port 8 Function Register 




7 ; 6 i 

5 

4 3 

2 : 1 i 0 

P8FC 

bit Symbol 

P86F 


P83F 

P82F 

(OOlCH) 

Read/Write 

W 


W 

W 


After reset 

i 0 


0 

0 



;0: PORT ; 


!0: PORT 

0: PORT I 


Function 

;1:T06 


i1:T05 

1:T04 i 


Read-modify-write is 
prohibited for registers 

P8CR and P8FC. Setting P82 asT04 


P8FC<P82F> 

Z] 

P8CR<P82C> 

[tl 


Setting P83 as T05 


P8FC<P83F> 

Z] 

P8CR<P83C> 

LZJ 


Setting P84 asT06 


P8FC <P86F> 


P8CR <P86C> 

DJ 


Note) P80/TI4, P81/TI5, P84/TI6, P85m7 pins do not have aregister changing PORT/FUNCTION. 
Therefore this is the same as P70/TI0 pin. 

When P87/INT0 pin is used as an INTO pin. set P8CR<P87C>to '0' and IIMC<IOIE>to'r. 


Figure 3.5 (16). Registers for Port 8 
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3.5.8 Port 9 (P90 - P95) 

Port 9 is a 6-bit general-purpose I/O port. I/O can be set on bit 
basis. 

Resetting sets Port 9 to an input port. 

It also sets all bits of the output latch register to 1. 

In addition to functioning as a general-purpose I/O port, 
Port 9 can also function as an I/O for serial channels 0 and 1. 
Writing 1 in the corresponding bit of the port 9 function register 
(P9FC) enables is function. 


Resetting resets the function register value to 0, and sets 
all bits to ports. 

(1) P80 ~ P86 (TXD0/TXD1) 

Ports 90 and 93 also function as serial channel TXD 
output pins in addition to I/O ports. 

They have a programmable open drain function. 



Figure 3.5 (17). Ports 90 and 93 
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(2) Ports 91 and94(RXD0,1) 


Ports 91 and 94 are I/O ports, and also used as RXD 
input pins for serial channels. 



P91 (RXDO) 
P94(RXD1) 


Figure 3.5 (18). Ports 91 and 94 


(3) Port 92 (CTS/SCLKO) 


Port 92 is an I/O port, and also used as GTS Input pins 
for serial channels. 



Figure 3.5 (19). Port 92 
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(4) Port95(SCLK1) 


Port 95 is a general-purpose I/O port. It is also used as 
an SCLK I/O pin for serial channel 1. 



Figure 3.5 (20). Port 95 
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P9 
(0019H) 


P9CR 

(001BH)| 


Port 9 Register 



7 

6 

5 i 4 ; 3 

2 

1 0 

bit Symbol 



P95 P94 P93 

P92 

P91 P90 

Read/Write 



R/W 

After reset 



Input mode (Output latch register sets to " 1") 



1 j 1 i 1 

1 

. ’ i ■ 1 

Port 9 Control Register 


7 

6 

5 i 4 1 3 

2 

1 0 

bit Symbol 



P95C P94C i P93C 

P92C 

P91C P90C 

Read/Write 



w 1 

After reset 



o 

o 

0 

0 i 0 1 

Function 



0 : IN 1 ; OUT | 


. Port9 I/O setting 


0 

Input 

1 

Output 


Port 9 Function Register 


P9FC 

(001DH) 


P90 TxDO output setting (Note) 



P95SCLK1 output setting 


P9FC<P95F> 

' 

P9CR <P95C> 

□J 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 



P95F 


P93F 

P92F 


P90F 

Read/Write 



W 


W 

W 


W 

After reset 



0 


0 

0 


0 

Function 



lO: PORT 

1;SCLK1 


0:PORT 

1 :TxD1 

0: PORT 

1;SCLKO 


0: PORT 

1:TxDO 


7 


Note : To set the TxD pin to open drain, write 1 in bit 0 (for TxDO pin) or bit 1 (for TxDI pin) of the 
ODE register. 

P91/RXD0, P94/RXD1 pins do not have a register changing PORT/FUNCTION. 

Therefore this is the same as P70/TI0 pin. 


Figure 3.7 (21). Registers for Port 9 
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3.5.9 Port A (PAO - PA7) (1) Port AO , A2, A4, A6 (DREQO, DREQ1, DREQ2. 

Port A is an 8-bit general-purpose I/O port. I/O can be set on DREQ3) 

bit basis. Resetting sets Port A as an input port. It also sets all 

bits of the output latch register PA to 1. In addition to function- Ports A0/A2/A4 and A6 also function as DREQ input 

ing as a general-purp ose I/O port, Port A also functions as an pins of DMAC in addition to I/O ports. 

I/O for DREQ/DACK of DMAC. Writing “1 ” in the correspond¬ 
ing bit of the Port A function register (PAFC) enables those 
functions. Resetting resets the function register PAFC value to 
“0”, and sets all bits to ports. 



PAO ( DRgQO) 
PA2 ( DkEQI) 
PA4 (dreq;^) 
PA6(DREQ3) 


Figure 3.5 (22). Ports AO, A2, A4, A6 
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(2) Port A1, A3, A5. A7 (DACKO, DACK1, DACK2, 
DACK3) 


Ports A1, A3, A5 and A7 also function as DACK output 
pins of DMAC in addition to I/O ports. 



Figure 3.5 (23). Ports A1, A3, A5, A7 
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PA 

(001 EH) 


PACR 

(003CH) 


Port A Register 



? 7 6 

5 4 

3 i 2 i 1 i 0 

bit Symbol 

PA7 PA6 

PAS PA4 

PA3 i PA2 : PAl i PAO 

Read/Write 

RAN 

After reset 

Input mode (Output latch register sets to " 1 ”) 

1 1 

1 1 

^_:_!_:_^_:_ 1 


Port A Control Register 



7 i 6 : s 

4 3 

2 

1 0 

bit Symbol 

PA7C PA6C PASC 

PA4C PA3C 

PA2C 

PA 1C PAOC 

Read/Write 

^ 1 

After reset 

o 

o 

o 

0 0 

0 

0 : 0 1 

Function 

0: IN 1 : OUT | 


f 


I/O setteing 


0 

Input 

1 

Output 


Port A Fuction Register 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

PA7F 

PA7F 

PA7F 

PA4F 

PA3F 

PA2F 

PA1F 

PAOF 

Read/Write 

W 


After reset 

0 

0 

0 

0 

0 

0 

0 

0 


0: PORT 

iO: PORT 

0: PORT 

iO: PORT 

0: PORT 

iO : PORT 

iO: PORT 

0: PORT 

Function 

1 : bACK3 

; 1 : bREQ3 

1 : DACK2 

;i :bRR 52 

1 : DA«i 

h :DRK5T 

h :bATK0 

1 : DRE0O 


Setting PAO, A2, A4 and A6 as OREQ pins. 


PAFC <PA0F><PA2F><PA4F><PA6F> 

1 

PACR <PA0C><PA2C><PA4C><PA6C> 

0 


Setting PAl, A3. AS and A7 as DACK pins 


PAFC <PA1F><PA3F><PA5F><PA7F> 

1 

PACR <PAlCXPA3CXPASC><PA7C> 

1 


Note: Read-modify-write is prohibited for registers PACR and PAFC. 


Figure 3.6 (24). Registers for Port A 
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3.5.10 Port B (PBO - PB4) (1) Port B1 (EOP) 

Port B is a 5-bit general-purpose I/O port. I/O can be set on bit _ 

basis. Resetting sets Port B as an input port. It also sets all bits Port B1 also functions as EOP input pin of DMAC in 

of the output latch register PB to 1. In addition to functioning addition to I/O port. 

as a general-purpose I/O port, Port B also functions as TO, 

EOP, etc., of DMA. Writing “1 ” in the corresponding bit of the 
Port B function register (PBFC) enables those functions. Reset¬ 
ting resets the function register PBFC value to “0”, and sets all 
bits to ports. 



Figure 3.5 (25). Port B1 
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(2) Port BO, B2, B3, B4 (AEN, TC. lORD, lOWR) lORD and lOWR pins of DMAC in addition to I/O ports. 

Ports BO, B2, B3 and B4 also functions as AEN, TC, 



Figure 3.5 (26). Ports BO, B2, B3, B4 
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MC^U900-480 


PB 

(001 EH) 


PBCR 

(003CH) 


Ports Register 



7 

6 

5 

4 

3 ; 2 

1 

0 

bit Symbol 




PB4 

PB3 PB2 

PB1 

PBO 

Read/Write 




R/W 

After reset 




Input mode (Output latch register set to ' 1') 




1 

1 1 

1 



Ports Control Register 



7 : 6 i 5 

4 

3 

2 

1 0 

bit Symbol 


PB4C 

PB3C 

PB2C 

PB1C PBOC 

Read/Write 

W 1 

After reset 


0 

0 

0 

0 0 

Function 

_ ^^ _ 


0: IN 

1 : OUT 


1 


I/O setting 


0 

Input 

1 

Output 


PBFC 

(003EH) 


Ports Function Register 



7 

6 15:4 

3 

i 2 i 1 

0 

bit Symbol 


1 PB4F 

PB3F 

PB2F PB1F 

PBOF 

Read/Write 

1 _L _^_ 

After reset 


; 0 

0 

; 0 ; 0 

0 



;0:PORT 

io: PORT 

;0 : PORT ;0 : PORT 

lb: PORT 

Function 


h; lOWR 

;1 : lORD 

:1:TC h;EOP 

11 : AEN 


Setting PB1 as EOP pin. 


PBFC<PB1F> 

1 

PBCR <PB1C> 

0 


Setting PBO, B2. S3 and B4 as AEN. TC. lORD and lOWR pins. 


PBFC <PB0F><PB2F><PB3F><PB4F> 

1 

PBCR <PB0C><PB2C><PB3C><PB4C> 

1 


Figure 3.5 (27). Port B Register 
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3.6 Chip Select/Wait Control, AM8/16 pin 

The TMP96C081F has a b uilt-in c hip se lect/wait c ontroll er 
used to control chip select (CSO - CS4 pins), wait (WAIT pin), 
and data bus size (8 or 16 bits) for any of the five block 

address areas. _ 

And there is an AM8/16 which selects external data 
width for TMP96C081. 

3.6.1 AM8/T6 pin 

(1) (1-1) 16-bit bus width internalized with 8 bit width or fixed 
16 bit bus 

Set this pin to “0”. Then AD8 -15 or A8 -15 are fixed 
to AD8 -15 function compulsorily. 

The bus width when the CPU accesses an external 
area is set by Chip SelectAA/ait Control Register 
described at 3.6.2. 

However, the bus width of program memory only after 
reset must be 16 bit bus width in this case. 

(1 -2) Fixed 8-bit bus width 

Set this pin to “1 ”. Then AD8 -15 or A8 -15 function 
compulsorily. 

The value of bit 4: <B0BUS>, <B1 BUS>, <B2BUS>, 
<B3BUS> or <B4BUS> described at 3.6.2 are 
ignored and the bus width is fixed to 8 bit. 

3.6.2 Control Registers 

Table 3.6 (1) shows control registers 

One block address areas are controlled by 1 -byte CS/ 
WAIT control register (BOCSL to B4CSL and BOCSH and 
B4CSH). These registers can be written to only when the CPU 
is in system mode. 

(1) Enable 

Control register bit 7 <B0E to B3E> is a master bit 
used to specify enable (“T’)/disable (“0”) of the setting. 
Resetting sets BOE, B1E, B3E and B4E to disable (“0”) 
and B2E to enable (“1 ”). 

(2) System only specification 

Control register bit 7 (BOSYS, B1SYS, B2SYS, and 
B4E> is used to specify enable/disable of the setting 
depending on the CPU operating mode (system or nor¬ 
mal). Setting this bit to 0 enables setting (Address 
space for CS, Wait state. Bus size, etc.) regardless of 
the CPU operating mode; setting it to 1 enables setting 
in system mode but disables setting in normal mode. 
Resetting clears bit 6 to 0. 

Bit 6 Is mainly used when external memory data 
should not be accessed in normal mode (i.e., for sys¬ 
tem mode only memory data for the operating system). 


(3) CS/CAS Waveform select 

Control register bit 5 (BOCAS to B4CAS) is used to 
specify waveform mode output from the chip select pin 
(CS0 /C AS0- CS4/CAS4). Setting this bit to 0 sp ecifies 
C SO to C S4 waveforms; setting it to 1 specifies CASO 
to CAS4 waveforms. 

Resetting clears bit 5 to 0. 

(4) Data bus width select 

Bit 4 (BOBUS to B4BUS) of the control register is used 
to specify data bus size. Setting this bit to 0 accesses 
in the memory in 16-bit data bus mode; setting it to 
“1”, memory is accessed in 8-bit data bus mode. 
Changing data bus depending on the access address 
is called dynamic bus sizing. Table 3.6 (2) shows the 
details of the bus operation. 

This bit is changed by the state of AM8/16 pin. 

(5) Wait control 

Control register bits 2 to 0 (B0W2,1,0 to B4W2,1,0) are 
used to specify the number of waits. Setting th ese b its 
to 010 inserts a 1 -state wait and samples the WAIT pin 
status. If the pin is low, inserting the wait maintains the 
bus cycle until the pin goes to high. Setting these bits 
to 100 or 101 in serts a 0-2-state wait 0-1 -state wait 
according to the WAIT pin status. 

Resetting sets these bits to 000 (2-state wait mode). 


(6) Address area specification 

Bits 3 to 0 in the BOCSH to B4CSH control register are 
used to specific the corresponding address areas. If 
0000 is set in those four bits (same value after reset), 
the setting is enable and l ow strobe s ig nal is outpu t 
from the chip select pins (CSO/CASO to CS4/CS4) 
when the follow ing address are accessed; 7F00H to 
7FFFH by CSO, 0080H to 7F00H to 7FFFH by CS1 
and 8000H to 3FFFFFH by CS2. If other than 0000 is 
set in those four bits, the chip select pin conripares the 
setting with that in A23 to A20. If the setting match, the 
chip select pin outputs a low strobe signal. Bit 7 to 4 
are used to mask bits 3 to 0. Setting 1 in the four bits 
compares address A23 to A20 with the masked 
address bits and detects match. Setting 1 in the four 
bits determines match regardless of setting. 

Unlike CSO to CS2, CS3 and CS4 do not have an 
address area assigned in advance after reset. Thus 
address area of 1M byte can be freely set using 
B3CSH or B4CSH. 
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Figure 3.6 (1). Chip select (CSO - CS4) 


A0~A23 


A23 

A22 

A21 

A20 


IB3M3 IB3M2 | B3M1 | B3M^ 
63CSH (upper 4 bits) 




- r—^ 

- 

B3A3 I B3A2 | B3A1 | BSAo] 
B3CSH (lower 4 bits) 


B3CS<B3E> 


Figure 3.6 (2). CS3 Address Decoder Block Diagram 
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Table 3.6 (3) Chip Select/Wait Control Register (1/2) 


Code 

Name 

Address 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

BOCSL 

BlockO 

CS/WAIT 

Control 

Register 

Low 

68H 

BOE 

BOSYS 

BOCAS 

BOBUS 

— 

B0W2 

B0W1 

BOWO 

W 

W 

W 

W 


W 

W 

W 

0 

0 

0 

0 


0 

0 

0 

1; 

CS/CAS 

Enable 

1; 

System 

only 

0:CS0 

1:CAS0 

0:16bit 

Bus 

1 ;8bit 

Bus 


Wait Con 
000 
001 
010 
Oil 
100 
101 
110 
111 

rol 

2 Wait 

1 Wait 

1 Wait ♦ n 

OWait 

0~2 Wait 

0-1 Wait 

Reserved 

Reserved 

BOCSH 

BlockO 

CS/WAIT 

Control 

Register 

High 

69H 

BOMS 

BOM 2 

B0M1 

BOMO 

B0A3 

B0A2 

B0A1 

BOAO 

W 

W 

W 

W 

W 

W 

W 

W 

0 

0 

0 

0 

0 

0 

0 

0 

Address {A23--A20) Mask Set 

0: Non-Mask 

1 : Mask 

Address (A23~A20) Comparison 

0000 : 7F00H~7FFFH 

other : Compare A23—A20 

B1CSL 

Block 1 

CS/WAIT 

Control 

Register 

Low 

6AH 

B1E 

B1SYS 

B1CAS 

BIBUS 

— 

B1W2 

B1W1 

B1W0 

W 

W 

W 

W 


W 

W 

W 

0 

0 

0 

0 


0 

0 

0 

1: 

CS/CAS 

Enable 

1: 

System 

only 

0:CS1 

1:CAS1 

0:16bit 

Bus 

1;8bit 

Bus 


WaitCont 
000: 
001 
010: 
Oil : 
100: 
101 : 
110: 
111 : 

rol 

2 Wait 

1 Wait 

1 Wait + n 

OWait 

0-2 Wait 

0-1 Wait 

Reserved 

Reserved 

B1CSH 

Blocki 

CS/WAIT 

Control 

Register 

High 

6BH 

B1M3 

B1M2 

B1M1 

B1M0 

B1A3 

B1A2 

B1A1 

B1A0 

W 

W 

W 

W 

W 

W 

W 

W 

0 

0 

0 

0 

0 

0 

0 

0 

Address (A23~A20) Mask Set 

0; Non-Mask 

1 ; Mask 

Address (A23~A20) Comparison 

0000 : 0080H-7FFFH 

other ; Compare A23'^A20 

B2CSL 

Block2 

CS/WAIT 

Control 

Register 

Low 

6CH 

B2E 

B2SYS 

B2CAS 

B2BUS 

— 

B2W2 

B2W1 

B2W0 

W 

W 

W 

W 


W 

W 

W 

' ' '1 

0 

0 

0 


0 

0 

0 

tl - 

CS/CAS 

Enable 

1: 

System 

only 

0:CS2 

1:CAS2 

0:l6bit 

Bus 

1:8bit 

Bus 


Wait Cent 
000: 
001 : 
010: 
oil : 
100: 
101 : 
110: 
111 : 

rol 

2 Wait 

1 Wait 

1 Wait + n 

OWait 

0-2 Wait 

0-1 Wait 

Reserved 

Reserved 

B2CSH 

Block2 

CS/WAIT 

Control 

Register 

High 


B2M3 

B2M2 

B2M1 

B2M0 

B2A3 

B2A2 

B2A1 

B2A0 


w 

W 

W 

W 

W 

W 

W 

W 

60H 

0 

0 

0 

0 

0 

0 

0 

0 


Address (A23~A20) Mask Set 

0: Non-Mask 

1 : Mask 

Address (A23~A20) Comparison 

0000 ; 8000H~3FFFFFH 

other : Compare A23~A20 
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xxxxx; 


Table 3.6 (3) Chip Select/Wait Control Register (2/2) 


m 


IQIQQII 


B6 

B5 

B4 

! B3 

IBi 

1 B1 

BO 

B3CSL 

Blocks 

CS/WAIT 

Control 

Register 

Low 

6EH 

BSE 




i__ 


l■':kkVi■ 


W 

IHEIHi 

IBKZflll 

HEQHi 


IHBSBIi 

IHESHI 

IBKSHI 

0 

0 

0 

0 


0 

_0_ 


1: 

CS/CAS 

Enable 

1: 

System 

only 

0:CS3 

IrCASS 

0;16bit 

Bus 

l:8bit 

Bus 

1 


rol 

2 Wait 

1 Wait 

1 Wait 4- n 

OWait 

0~2Wait 

0-1 Wait 

Reserved 

Reserved 


Blocks 

CS/WAIT 

Control 

Register 

High 


BSMS 

B3M2 

B3M1 

B3M0 


B3A2 

B3A1 

BSAO 

W 

W 

W 

W 

w 

W 

W 

W 

0 

0 

0 

0 

_0_ 

0 

0 

0 

Address (A2S~A20) Mask Set 

0; Non-Mask 

1 : Mask 

Address (A23—A20) Comparison 

0000 : Address areas are not specified 

other : Compare A23—A20 


Block4 

CS/WAIT 

Control 

Register 

Low 

4AH 

B4E 

B4SYS 

B4CAS 

B4BUS 

— 


ikiszdh 


W 

W 

W 

W 


w 

w 

W 

0 

0 

0 

0 


0 

0 

0 

1; 

CS/CAS 

Enable 

1: 

System 

only 

0:CS4 

1:CAS4 

0:16bit 

Bus 

1:8bit 

Bus 


WaitCont 
000: 
001 : 
010: 
Oil : 
100: 
101 : 
110: 
111 : 

rol 

2 Wait 

1 Wait 

1 Wait + n 

OWait 

0-2 Wait 

0-1 Wait 

Reserved 

Reserved 




B4M3 

B4M2 

B4M1 

B4M0 

B4A3 



IIIIQiE£HII 

W 

W 

W 

W 

W 

W 

w 

W 

0 

0 

0 

0 

0 

0 

0 

0 

Address (A23~A20) Mask Set 

0; Non-Mask 

1 ; Mask 

Address (A23~A20) Comparison 

0000 ; Address areas are not specified 

other : Compare A23~A20 


Note : Only block 2 is enable the CS/CAS after reset. 


Table 3,6 (4) Dynamic Bus Sizing 


Operand 

Operand 

Memory 

CPU Address 

CPU Data 

Data Size 

Start Address 

Data Size 

D15 - D8 

D7-D0 

8 bits 

2n + 0 

8 bits 

2n + 0 

xxxxx 

b7-b0 

(even number) 

16 bits 

2n + 0 

xxxxx 

b7-b0 


2n + 1 

(odd number) 

8 bits 

2n-Hl 

xxxxx 

b7-b0 


16 bits 

2n + 1 

b7-b0 

xxxxx 



8 bits 

2n + 0 

xxxxx 

b7-b0 


2n + 0 

2n-k1 

xxxxx 

b15-b8 


(even number) 

16 bits 

2n-k0 

b15-b8 

b7-b0 

16 bits 


8 bits 

2n + 1 

xxxxx 

b7-b0 


2n + 1 

(odd number) 

2n-h2 

xxxxx 

b15-b8 


16 bits 

2n + 1 

2n + 2 

b7-b0 

xxxxx 

xxxxx 

b15-b8 




2n + 0 

xxxxx 

b7- bO 




2n + 1 

xxxxx 

b15- b8 


2n + 0 

8 bits 

2n + 2 

xxxxx 

b23-b16 


(even number) 


2n + 3 

xxxxx 

b31-b24 


16 bits 

2n + 0 

b15-b8 

b7- bO 

32 bits 


2n + 2 

b31-b24 

b23-b16 




2n + 1 

xxxxx 

b7- bO 





2n + 2 

xxxxx 

b15- b8 


2n +1 

8 bits 

2n + 3 

xxxxx 

b23-b16 


(odd number) 


2n + 4 

xxxxx 

b31-b24 



2n-k1 

b7-b0 

xxxxx 



16 bits 

2n-k2 

b23-b16 

b15- b8 



2n + 4 

xxxxx 

b31-b24 


During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active. 
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3.6.3 Chip Select Image 

Address areas from 01OOH to FFFFFFH can be specified for 
1M, 2M.4M, 8M, 16M bytes. 

The chip select controller compares an address on a bus 
and values of bit 3 to 0 of BOCSH to B4CSFI at every cycle. 
When the values of bit 3 to 0 are “0000”, the chip select con¬ 
troller compares the address and the address value which has 
already been defined to each block. 

If the result of the comparison matches, the specified 
address area is assumed to be accesse d. If c ha nnels BOE to 
B4E are set to enable, a chip select pin (CSO to CS4) corre¬ 
sponding to these channels outputs a low strobe signal. 

When comparing addresses, a compared result of a par¬ 
ticular address can be ignored by setting the values of bit 7 to 
4 of BOCSH to B4CSH. Consequently, and address area size 
can be specified. 


An image of the actual chip select Is shown below. After 
reset (when bits 3 to 0 of BOCSH to B4CSH set 0000), 7F00H 
to 7FFFH is specified for CSO; 0080H to 7FFFH, for CS1; 
8000H to 3FFFFFFH, for CS2. 

The reason is that a device other than ROM (i.e., RAM or 
I/O) might be connected externally. 

The addresses 7F00H to 7FFFH (256 bytes) for CSO are 
mapped mainly for possible expansions to external I/O. 

The addresses 01 OOH to 7FFFH (approx. 32K bytes) for 
CS1 0 are mapped there mainly for possible extensions to 
external RAM. 

The addresses 8000H to 3FFFFFFH (approx. 4M bytes) 
for CS2 are mapped mainly for possible extensions to external 
ROM. After reset, CS2 is enable in 16-bit bus and 2-wait. The 
program is externally read at address. 

The address 8000H in this setting (16-bit bus, 2-wait). (If 
AM8/16 pin is “1 ”, CS2 is enable in 8-bit bus.) 


OOOOOOH 

7F00H 

8000H 


OFFFFFFH 


CSO CS1 CS2 



(Mainly for RAM) 




(Mainly for ROM) 


CSS CS4 


Note 1: Access priority is built-in I /O th en the c hip select controller. 

Note 2; External areas other than CSO to CS4 are accessed in 16-bit data bus (0 wait) mode. 

When usin g the chip select/wait controller and specifying the same addr ess area more than onc e, the priority is CSO, CS1, CS2, 
CSS, CSS, and CS4. (Howev er, wh en address 7F00H to 7FFFH for CSO and 10OH to 7FFFH for CS1 are specified, in other words, 
specification overlap, only the CSO setting pin is active.) 


Note S: When the bus is released (BUSAK = “0”), CSO - CS4 pins are also (the output buffer is CFF). 

Refer to L Note about the bus release 1 in 3.5 Function of Ports about the state of pins. 


Table 3.6 (5) Specified the address areas of B3CSH 


B3CSH 

Specified the Address Areas 

Area Size 

0000 

0001 

lOOOOOH-IFFFFFH 

1 MBytes 

0001 

0011 

200000H~3FFFFFH 

2M Bytes 

0011 

0111 

400000H~7FFFFFH 

4M Bytes 

0111 

1000 

800000H~FFFFFH 

8M Bytes 

1111 

1000 

100H ~1FFFFFH 

16M Bytes 
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3.6.4 Example of Usage connected using 16 bit Bus; a RAM and an I/O are connected 

Figure 3.6 (6) is an example in which an external memory is using 8 bit Bus. 
connected to the TMP96C081F. In this example, a ROM is 



Figure 3.6 (6). Example of External Memory Connection (ROM = 16 bits, RAM and I/O = 8 bits) 
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Resetting s ets pins CSO, CS 1, C S2, C $3 to CS4 to pull-down resistor. The program used to set these pins is as 

input port mode. CSO, CS1, CS3, a nd CS4 are set high due follows: 
to an internal pull-up resistor; CS2, low due to an internal 


P4CR 

EQU 

OEM 


P4FC 

EQU 

10H 


BOCSL 

EQU 

68H 


B1CSL 

EQU 

6AH 


B2CSL 

EQU 

6CH 


LD 

(BOGS). 

0090H 

; CSO = 8 bits. 2WAIT, 7F00H - 7FFFH 

LD 

(B1CS). 

0093H 

; CS1 = 8 bits. OWAIT, 0080H - 7FFFH 

LD 

(B2CS). 

0081H 

: CS2 = 16 bits. 1 WAIT. 8000H ~ 3FFFFFH 

LD 

(P4CR). 

07H 

^ CSO, CST, CS output mode setting 

LD 

(P4FC), 

07H 


(2) Example Usage-2 connected to the TMP96C081F. In this example, a ROM, a 

RAM, and I/O are connected using 8 bit Bus. 

Figure 3.6 (7) is an example in which an external memory is 



Figure 3.6 (7). Example of External Memory Connection (ROM and RAM and I/O = Sbits) 
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Resetting s ets pins CSQ, CS 1, C $2, C S3 and CS4 to pull-down resistor. The program used to set these pins is as 
input port mode. CSO, CS1, CS3, a nd CS4 are set high due follows: 
to an internal pull-up resistor; CS2, low due to an internal 


P4CR EQU OEH 

P4FC EQU lOH 

BOCSL EQU 68H 

BOCSH EQU 69H 

BICSL EQU 6AH 

BICSH EQU 6BH 

BICSL EQU 6CH 

B2CSH EQU 60H 

LD (BOCSL), IXOIOOOOB \ 

LD (BOCSH). OOOOOOOOB J 

LD (BICSL), IXOlOOllB \ 

LD (BICSH), OOOOOOOOB J 

LD (B2CSL), IXOOOOOIB \ 

LD (B2CSH), OOOOOOOOB / 


CSO = Bbits, 2WAIT. 7F00H~7FFFH 
CS1 = Bbits. OWAIT. 80H-7FFFH 
CS2 = 1 Bbits. 1WAIT. 8000H~3FFFFFH 


LD (P4CR). XXXXXlllB 

LD (P4FC). XXXXXlllB 

Note)X: don't care 


^CSO, CS1. CS2 output moce setting 


When AM8/16 Pin is set to high level, all address area are fixed to 8-bit data bus regardless of CS area statuses. 
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3.6.5 How to Start with an 8-Bit Data Bus 
(with AM8/T^pin sets “0”) 


Resetting sets the CS2 pin low due to an internal pull-down 
resistor; memory access starts in 16-bit data bus (2-wait) 
mode. To start in 8-bit data bus mode, a special operation is 
required. Operation is as described in the example below; 


EQU 

6AH 

; CS2 register address 

ORG 

8000H 

; RESET address 

LDX 

(B2CSL), 9CH 

;CS28bit,0WAIT.8000H~ 


After reset, the program reads the LDX (B2CSL), 93H area (80CX)H - 3FFFFFH) is accessed in 8-bit data bus mode 

instruction in 16-bit data bus mode. LDX is a 6-byte instruc- without any problem. 

tion: the 2nd, 4th and 6th bytes are handled as dummies (i.e., _The above program does not include setting the P42/ 

only codes in the 1 st, 3rd and 5th bytes are actually used). CS2 pin to output; add a program to set the P4CR and P4FC 

Even if starting in 8-bit data bus mode, it is possible to pro- registers as required, 

gram so that the LDX instruction is executed and the block 2 


Address latch ROM 


TMP96C081 




A15 





G 


A8 

AD8~15 







A7 












D 

Q 

Lj 


AO 





J 



D7 

ALE 





DO 






_ 

OE 

DH 

r\U 


CS 




Operation after reset 


8000H 
8001H 
8002H 
8003 H 
8004H 
8005H 


TLCS-900 ROM 


F7 


F7 

?? 

?? 

00 

6C 


6C 

?? 

?? 

00 

93 


93 

77 

?? 

00 

- .-J 


-- - 


LDX (6CH), 93CH 


??s: don't care 
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3.7 8-bit Tinners 

The TI\/IP96C081 F contains two 8-bit timers (timers 0 and 1), 
each of which can be operated independently. The cascade 
connection allows these timers to be used as 16-bit timer. The 
following four operating modes are provided for the 8-bit tim¬ 
ers. 

• 8-bit interval timer mode (2 timers) 

• 16-bit interval timer mode (1 timer) 

• 8-bit programmable square wave pulse generation (PPG: 
variable duty with variable cycle) output mode (1 timer) 

• 8-bit pulse width modulation (PWM: variable duty with con¬ 
stant cycle) output mode (1 timer) 


Figure 3.7 (1) shows the block diagram of 8-bit timer 
(timer 0 and timer 1). 

Each interval timer consists of an 8-bit up counter, 8-bit 
comparator, and 8-bit timer register. Besides, one timer flip- 
flop (TFF1) is provided for timer 0 and timer 1 

Among the input clock sources for the interval timers, the 
internal clocks of 0T1,0T4, 0T16, and 0T256 are obtained 
from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit 
timer are controlled by three control registers TMOD, TFFCR, 
and TRUN. 
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TFFCR<TFF1C1.0> 


*1 Set 
*2 Clear 
*3 Invert 


F/F control 

w 



Figure 3.7 (1). Block Diagram of d-Bit Timers (Timers 0 and 1) 
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(D Prescaler 

This 9-bit prescaler generates the clock input to the 8- 
bit timers, 16-bit timer/event counters, and baud rate 
generators by further dividing the fundamental clock 
(fc) after it has been divided by 4 (fc/4). 

Among them, 8-bit timer uses 4 types of clock: 


0T1, 0T4, 0T16. and 0T256. 

This prescaler can be run or stopped by the timer 
operation control register TRUN <PRRUN>. Counting 
starts when <PRRUN> is set to “1”, while the prescaler 
is cleared to zero, and stops operation when 
<PRRUN> is set to “0”. Resetting clears <PRRUN> to 
“0”, which clears and stops the prescaler. 


Cycle 



20MHz 

clock 

VlTl (8/fc) 

0.4//S 

(32/fc) 

1.6;US 

,jT16(128/fc) 

6.4/iS 

^T256 (2048/fc) 

102/.S 


,ST0 /T1 ,H2 /T4 ^T8 /T16 ^U256 



(System clock) 


CLK jnjTJTJiJijn_rLn 



Figure 3.7 (2). Prescaler 
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d) Up-counter 

This is an 8-bit binary counter which counts up by the 
input clock pulse specified by TMOD. 

The input clock of timer 0 is selected from the external 
clock TIO pin and three internal clocks 0T1 (8/fc), 0T4 
(32/fc), and 0T16 (128/fc), according to the set value of 
TMOD register. 

The input clock of timer 1 differs depending on the 
operation mode. When set in 16-bit timer mode, the 
overflow output of timer 0 is used as the input clock. 
When set to any other mode than 16-bit timer mode, the 
input clock is selected from the internal clocks 0T1 (8/fc), 
0T16 (128/fc), and 0T256 (2048/fc) as well as the com¬ 
parator output (match detection signal) of timer 0 accord¬ 
ing to the set value of TMOD register. 

Example: When TMOD <T10M1,0> = 01, the over¬ 
flow output of timer 0 becomes the input 
clock of timer 1 (16-bit timer mode). 

When TMOD <T10M1,0> = 00 and 
TMOD <T1 OLK1,0> = 01, 0T1 (8/fc) 
becomes the input of timer 1 (8bit timer 
mode). 

Operation mode is also set by TMOD register. When 
reset, it is initialized to TMOD <T01 Ml, 0> = 00, 
whereby the up-counter is placed In the 8-bit timer 
mode. 


The counting and stop and clear of up-counter can be 
controlled for each interval timer by the timer operation 
control register TRUN. When reset, all up-counters will 
be cleared to stop the timers. 

(D Timer register 

This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1, 
matches the value of up-counter, the comparator 
match detect signal becomes active. If the set value is 
OOH, this signal becomes active when the up-counter 
overflows. 

Timer register TREGO is of double buffer structure, 
each of which makes a pair with register buffer. 

The timer flip-flop control register TFFCR <DBEN> bit 
controls whether the double buffer structure in the 
TREGO should be enabled or disabled. It is disabled 
when <DBEN> = 0 and enabled when they are set to 
1 . 

In the condition of double buffer enable state, the data 
is transferred from the register buffer to the timer regis¬ 
ter when the 2*^-1 overflow occurs in PWM mode, or 
at the PPG cycle in PPG mode. 

When reset, it will be initialized to <DBEN> = 0 to dis¬ 
able the double buffer. To use the double buffer, write 
data in the timer register, set <DBEN> to 1, and write 
the following data in the register buffer. 
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Up-counter 



Matching detection of PPG 
cycle 

2 n - 1 overflow of PWM 
TREGO WR 


Internal bus 


Figure 3.7 (3). Configuration of Timer Register 0 

Note: Timer register and the register buffer are allocated to the same memory address. When <DBEN> = 0, the same value is written in the register buffer as 
well as the timer register, while when <DBEN> = 1 only the register buffer is written. 


The memory address of each timer register is as fol¬ 
lows. 

TREGO: 000022H 
TREG1: 000023H 

All registers are write-only and cannot be read. 

® Comparator 

A comparator compares the value in the up-counter 
with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 


interrupt signal (INTTO, INTT1) is generated. If the timer 
flip-flop inversion is enabled, the timer flip-flop Is 
inverted at the same time. 

(D Timer flip-flop (timer F/F: TFF1) 

The status of the timer flip-flop Is Inverted by the match 
detect signal (comparator output) of each Interval timer 
and the value can be output to the timer output pins 
T01 (also used as P71). 

A timer F/F is provided for a pair of timer 0 and timer 1 
and is called TFF1. TFF1 is output to T01 pin. 
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7 

6 

5 

4 

13:2 

1 0 

bit Symbol 

PRRUN ^ 


T5RUN 

T4RUN 

; P1RUN i PORUN 

T1RUN ; TORUN 

Read/Write 

RAN 




RAN 


After reset 

0 


0 

0 

; 0 ; 0 

0 0 

Function 

Prescaler & Timer Run/Stop CONTROL 

0 : Stop & Clear 

1 : Run (Count up) 








, Count Operation 


0 

Stop and clear 

1 

Count 


PRRUN 

T5RUN 

T4RUN 

P1RUN 

PORUN 

T1RUN 

TORUN 


Operation of prescaler 
Operation of 16-bit timer (timers) 
Operation of 16-bit timer (timer4) 
Operation of PWM timer (PWM 1/timer3) 
Operation of PWM timer (PWM0/timer2) 
Operation of 8-bit timer (timerl) 
Operation of 8-bit timer (timerO) 


Figure 3.7 (4). Timer Operation Control Register (TRUN) 
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7 6 

5 4 

3 

2 

1 0 

bit Symbol 

T10M1 i T10M0 

PWMM1 i PWMMO 

T1CLK1 

TICLKO 

T0CLK1 ■: TOCLKO 

Read/Write 

W _1 

After reset 

0 0 

0 0 

0 

0 

0 0 


Operation mode 

PWM cycle 

Source clock of tuner 1 

Source clock of timerO 


00; 8bit Timer 

00: - 

00:TO0TRG 

00:TI0 

Function 

01: 16bit Timer 

01; 26-1 

01:^T1 


01: ^T1 


10:8bitPPG 

10:27-1 

10: ^T16 


10; ^T4 


11: 8bit PWM 

11:28-1 

11: ^1T256 


11:^T16 


TMOD 

(0024H) 


Prohibit Read 
Modify Write 


' Input clock of timer 0 


00 

External Input (TIO) 

01 

yiTl (Prescaler) 

10 

^T4 (Prescaler) 

n 

^1116 (Prescaler) 


" Input clock of timer 1 



TMOD<T10IVI1.0>»01 

TMOD 

<T10M1.0> =01 

00 

Comparator output 
of timer 0 

Overflow 
output of timer 

0 

01 

Internal clock ^T1 


10 

Internal clock ^T16 

(16-bit timer 

11 

Internal clock ^T256 

mode) 


■" Select PWM cycle 


00 

— 

01 

26-1 

10 

27-1 

11 

28-1 


Set the operation mode of 
■ timer 0 and 1. 


00 

Two 8-blt timers 
(timer 0 and timer 1) 

01 

16-bit timer 

10 

8-bit PPG output 

11 

8-bit PWM output (timer 0) 

-»• 8-bit timer (timer 1) 


Figure 3.7 (5). Timer Mode Controi Register (TMOD) 
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TFFCR 

(0025H) 



7 6-5 

4 

3 2 

_^ ^ _2_ 1 

bit Symbol 


OBEN 

TFF1C1 : TFFICO 

TFF1IE 

TFFl IS 

ReadA/Vrite 


R/W 

W 

m/ 

After reset 


0 

0 0 

0 

0 

Function 


Double 

buffer 

0: Disable 

1: Enable 

00:InvertTFFl 

01: SetTFFl 

10: ClearTFFl 

11;don'tcare 
••• Always read as 
"11" 

TFFl 

Inversion 

trigger 

0: Disable 

1: Enable 

TFFl 

Inversion 

source 

0: TimerO 

1: Timer 1 


Select inverse signal of timer F/Fl 
^ ("Don't care” except in 8-bit timer mode) 



TMOD<T10M1.0 
> =00 

01 

10 

11 

0 

Inversion by 
timerO match 
signal 

16-bit timer mode 
Inversion by 
match signal 

PPG mode 
Inversion by 
match signal of 
each timerO and 

timer 1 

PWM mode 
Inversion by 
match and 
overflow signal 
of timerO 

1 

Inversion by 
timed match 
signal 



Inversion of Timer F/F1 (TFF1) 


0 

Disable invert 

1 

Enable invert 


Control of Timer F/F1 (TFFl) 


Invert the value of TFFl 
(software inversion) 


SetTFFIto"!'’. 
Clear TFFl to "0". 
Don't care 


1_ 

► Dout 

_1 

lie Buffer Control of TREGO 

0 

1 

Disable double Buffer 

Enable double Buffer 


Figure 3.7 (6). Timer Flip-Flop Control Register (TFFCR) 
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The operation of 8-bit timers will be described below: ® Generating interrupts in a fixed cycle 


(1) 8-bit timer mode 

Two interval timers 0, 1, 2, 3, can be used indepen¬ 
dently as 8-bit interval timer. All interval timers operate 
in the same manner, and thus only the operation of 
timer 1 will be explained below. 


To generate timer 1 interrupt at constant intervals using 
timer 1 (INTT1), first stop timer 1 then set the operation 
mode, input clock, and a cycle to TMOD and TREG1 
register, respectively. Then, enable Interrupt INTT1 and 
start the counting of timer 1. 

Example: To generate timer 1 interrupt every 40 
microseconds at fc = 20MHz, set each 
register in the following manner. 




MSB 

7 

6 5 

4 

3 

2 

TRUN 

<- 

- 

X 

- 

- 

- 

TMOD 

<- 

0 

0 X 

X 

0 

1 

TREG1 

<- 

0 

1 0 

1 

0 

0 

INTET10 

<- 

1 

1 0 

1 

- 

- 

TRUN <- 

Note: x; don’t 

1 

care 

X 1 

no change 

— 

— 


LSB 
1 0 

0 - Stop timer 1, and clear it to “0”. 

Set the 8-bit timer mode, and select 0T1. 

(0.4ns @ tc = 20MHz) as the input clock 
0 0 Set the timer register at 40ns 0T1 = 10OH (64H). 

Enable INTT1, and set it to “Level 5”. 

1 - Start timer 1 counting. 


Use the following table for selecting the input clock. 


Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock 


Input Clock 

Interrupt Cycle 
(at fc» 20MHz) 

Resolution 

0T1 (8/fc) 

0.4ns ~ 102.4ns 

0.4ns 

0T4(32/fc) 

1.6ns ~ 409.6ns 

1 . 6 ns 

0T16(128/fc) 

6.4ns ~ 1.638ms 

6.4ns 

0T256(2O48/fc) 

102.4ns ~ 2.621ms 

102.4ns 


Note: The input of timer 0 and timer 1 are different 
from as follows: 


Timer 0: TIO input, oT 1,0T4, 0 TI6 

Timer 1: match output of Timer 0, 0 TI, 0 TI6, 0T2566 
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@ Generating a 50% duty square wave pulse 

The timer flip-flop (TFF1) is inverted at constant inter¬ 
vals, and its status is output to timer output pin (T01). 


Example: To output a 2.4ps square wave pulse from 
T01 pin at fc = 20MHz, set each register in 
the following procedures. Either timer 0 or 
timer 1 may be used, but this example 
uses timer 1. 



MSB 

7 

6 

5 

4 

3 

2 

LSB 

1 

0 


TRUN 

<- 

- 

X 

- 

- 

- 

- 

0 

- 

Stop timer 1, and clear it to “0”. 

TMOD 

<- 

0 

0 

X 

X 

0 

1 

- 

- 

Set the 8-bit timer mode, and select 0T1 as the input clock. 

TREG1 

<- 

0 

0 

0 

0 

0 

0 

1 

1 

Set the timer register at 3.0ps1+2 = 3. 

TFFCR 


- 

- 

- 

- 

1 

0 

1 

1 

Clear TFF1 to "0”, and set to invert by the match detect signal from timer 1 

P7CR 

<r- 

X 

X 

X 

X 

- 

- 

1 

- 

^ Select P71 as T01 pin. 

P7FC 

<- 

X 

X 

X 

X 

- 

- 

1 

X 

TRUN 

Note: 

1 

x; don’t care 

X 

no change 

— 

1 

— 

Start timer 1 counting. 
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MCU900-500 


TRUN 

<T1RUN> 




Figure 3.7 (7). Square Wave (50% Duty) Output Timing Chart 
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(D Making timer 1 count up by match signal from timer 0 
comparator 


Set the 8-bit timer mode, and set the comparator out¬ 
put of timer 0 as the input clock to timer 1. 


Comparator output P] n 

(Timer 0 match) ' ' "" ‘■ 


Timer 0 up-counter 
(when TREGO = 5) 


ZXIXI)(I)(IXI)(IXI)CI)(IXIXIX^ 


Timer 1 up-counter 
(whenTREGI =2) 

Timer 1 match output 



1 


Figure 3.7 (8). Timer 1 Count Up by Timer 0 


(3) Output inversion with software (2) 16-bit timer mode 


The value of timer flip-flop (TFF1) can be inverted, inde¬ 
pendent of timer operation. 

Writing “00” into TFFCR <TFF101,0> (memory 
address: 000025H of bit 3 and bit 2) inverts the value 
ofTFFI. 

(D Initial setting of timer flip-flop (Timer F/F) 

The value of TFF1 can be initialized to “0” or “1 ”, inde¬ 
pendent of timer operation. 

For example, write “10” in TFFOR <TFF101,0> to clear 
TFF1 to “0”, while write “01 ” in TFFCR <TFF101,0> to 
set TFF1 to “1 ”. 


A16-bit interval timer is configured by using the pair of 
timer 0 and 1. 

To make a 16-bit interval timer by cascade connecting 
timer 0 and timer 1, set timer 0/timer 1 mode register, 
TMOD<T10M1,0>to“0,1”. 

When set in 16-bit timer mode, the overflow output of 
timer 0 will become the input clock of timer 1, regard¬ 
less of the set value TMOD <T1CLK1,0>. Table 3.7 (2) 
shows the relation between the cycle of timer (inter¬ 
rupt) and the selection of input clock. 


Note: The value of timer register and timer flip-flop cannot be read. 
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Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 


input Clock 

Interrupt Cycle 
(at ton 20MHz) 

Resolution 

0T1 (8/fc) 

0.4ps - 26.214ms 

0.4jjs 

0T4(32/fc) 

1.6)05-104.857ms 

1.6ms 

0T16(128/fc) 

6.4|os - 419.430ms 

6.4ms 


The lower 8 bits of the timer (interrupt) cycle are set by 
the timer register TREGO, and the upper 8 bits are set 
by TREG1. Note that TREGO always must be set first. 
(Writing data into TREGO disables the comparator tem¬ 
porarily, and the comparator is restarted by writing 
data into TREG1.) 

Setting example: To generate an interrupt INTT1 every 

0.4 seconds at fc = 20MHz, set the 
following values for timer registers 
TREGO and TREG1: 


The comparator match signal is output from timer 0 
each time the up-counter UCO matches TREGO, where 
the up-counter UCO is not to be cleared. 

With the timer 1 comparator, the match detect signal is 
output at each comparator timing when up-counter 
UC1 and TREG1 values match. When the match 
detect signal is output simultaneously from both com¬ 
parators of timer 0 and timer 1, the up-counters UCO 
and UC1 are cleared to “0”, and the interrupt INTT1 is 
generated. If inversion is enabled, the value of the timer 
flip-flop TFF1 is inverted. 


When counting with input clock of 
0T16 (6.4^s @ 20MHz)0.4 sec -s- 
6.4ps = 62500 = F424H 

Therefore, set TREG1 = F4H and 
TREGO = 24H, respectively. 



Timer 0 

Timer 1 j 

INTTO 

T01 

Value of 
comparison 

INTT1 

T01 

Value of 
comparison 

16-Bit Timer Mode 

1 Counts Timer 1 opwardX 

1 vnrhen Timer 0 IS ) 

Voverflowed / 

Generation 0 < 

an interrupt 

Disable to 

Output 


rREGO 

^Counts \ 

upward even j 
when matche^ 

Generation of 

an interrupt 

Disable to 

output 

TREG1*2« 

+ TREGO 

(16 bit full) 

0-Bit Timer Mode 
/ Counts Timer 1 upward \ 

1 when Timer 0 is matched! 

Generation of 

an interrupt 

Eriable to output 
Aimer 0 \ 

or 

Uimer 1 I 

1 

RE GO 

^Cleared \ 

when 1 

^matched / 

Generation of 

an interrupt 

Enable to output 
Aimer 0 \ 

or 

yTimer 1 j 

TREG1* 

TREGO 

j Value of j 

\Multiplier / 
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Example: When TREG1 = 04H and TREGO = 80H 


Value of up-counter 
(UCl. UCO) 

OOOOH 0080H 0180H 

0280H 

0380H 

0480H 

Timer 0 comparator 
match detect signal 

_n_H— 

JL_ 

Jl_ 

_II_ 


Interrupt INTTl __ ( I 


Timer output TOl Inversio n 


Figure 3.7 (9). Output Timer by 16-Bit Timer Mode 


(3) 8-bit PPG (Programmable Pulse Generation) Output 
mode 

Square wave pulse can be generated at any frequency 
and duty by timer 0 and timer 1. The output pulse may 
be either low-active or high-active. In this mode, timer 
1 cannot be used. 

Timer 0 outputs pulse to T01 pin (also used P70). 

In this mode, a programmable square wave is gener¬ 


ated by inverting timer output each time the 8-bit up- 
counter (UCO) matches the timer registers TREGO and 
TREG1. 

However, it is required that the set value of TREGO is 
smaller than that of TREG1. 

Though the up-counter (UC1) of timer 1 is not used in 
this mode, UC1 should be set for counting by setting 
TRUN<T1RUN>to1. 

Figure 3.7 (1) shows the block diagram for this mode. 






1 

_ t 


TREGO and UCO match 
(Interrupt INTTOF 

TREG1 and UCO match _ 


TOl ^ 






,TREGO 



"tregi 

^1 


Figure 3.7 (10). Block Diagram of 8-Bit PPG Output Mode 
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TOT 



Internal bus 


Figure 3.7 (11)> Block Diagram of 8-Bit PPG Output Mode 


When the double buffer of TREGO is enabled in this 
mode, the value of register buffer will be shifted in 
TREGO each time TREG1 matches UCO. 


Use of the double buffer makes easy handling of low 
duty waves (when duty is varied). 


T01 



Inierrtal bus 


Figure 3.7 (12). Operation of Register Buffer 
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Example: Generating 1/4 duty 62.5kHz pulse @ fc = 
20MHz) 



• Calculate the value to be set for timer register. 

To obtain the frequency 62.5kHz, the pulse cycle t 


should be: t = 1/62.5kHz = 16ns. 

Given 0T1 = 0.4ns @ 20MHz), 

16ns 4- 0.4ns = 40 

Consequently, to set the timer register 1 (TREG1) to 
TREG1 = 40 = 28H and then duty to 1/4, t x 1/4 = 
16nsx 1/4 = 4ns 

4ns 4-0.4ns = 10 

Therefore, set timer register 0 (TREGO) to TREGO = 10 
= OAH. 


7 6 

TRUN 4- - X 

TMOD 4- 1 0 

TREGO <- 0 0 

TREG1 <-0 0 

TFFCR 4- - - 

P7CR 4- X X 

P7FC <- X X 

TRUN 4- 1 X 


5 4 

X X 

0 0 

0 0 

1 

X X 

X X 


3 2 10 

- - 0 0 

X X 0 1 

10 10 
10 0 0 
0 1 1 X 

I_I_ 

_ _ 1 _ 

- - 1 X 

- - 1 1 


Stop timer 0, and clear it to “0". 

Set the 8-bit PPG mode, and select 0T1 as input clock. 

Write “OAH”. 

Write “28H". 

Sets TFF1 and enables the inversion and double buffer enable. 
^ Writing "10" provides negative logic pulse. 

^ Select P71 as T01 pin. 

Start timer 0 and timer 1 counting. 


Note: x; don’t care no change 


(4) 8-bit PWM Output mode 

This mode is valid only for timer 0. In this mode, maxi¬ 
mum 8-bit resolution PWM pulse can be output. 

PWM pulse is output to T01 pin (also used as P71) 
when using timer 0. Timer 1 can also be used as 8-bit 
timer. 

Timer output is inverted when up-counter (UC1) 
matches the set value of timer register TREG or when 
2n -1 (n = 6, 7, or 8; specified by T01 MOD 


<PWM01,07) counter overflow occurs. Up-counter 
UC1 is cleared when 2n -1 counter overflow occurs. 
For example, when n = 6, 6-bit PWM will be output, 
while when n = 7, 7-bit PWM will be output. 

To use this PWM mode, the following conditions must 
be satisfied. 

(Set value of timer register) < (Set value of 2*^ -1 
counter overflow) 

(Set value of timer register) 0 
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Figure 3.7 (13). 8-Bit PWM Waveforms 


Figure 3.7 (14) shows the block diagram of this mode. 


TIO- 
v';T1 - 
./T4- 
^,T16- 


t t 


TMOD <T0CLK1.0> 




TRUN <T0RUN> 


1 


^ _ 1 

_ I — 

Selector 


8-bit up-counter 

(UCO) 

-n- 

Clear 

TFF 


rzL_ 



TREGO 


Shift trigger 


TFFCR <DBEN> 


It 


Register buffer 


2n.i 

overflow 

control 


TFFCR 

^ <TFF1C1,0. 

I TFF1IE,TFF1IS> 


TMOD 

1 / <T10M1,0> = 11 

i^TMOD 

<PWMM1,0> 




Figure 3.7 (14). Block Diagram of 8-Bit PWM Waveforms 
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In this mode, the value of register buffer will be shifted in Use of the double buffer makes the handling of small 

TREGO if 2*^ -1 overflow is detected when the double buffer of duty waves easy. 

TREGO is enabled. 



Up-counter = Q, 

Up-counter = Q 2 

2" - 1 overflow 


_m_ 

( Shift into TREGO 

TREGO 

Qi 

oi 

(value to be compared) 



Register buffer 

Q2 

_X_03_ 

TREGO (register buffer) write 


Figure 3.7 (15). Operator of Register Buffer 


Example: To output the following PWM waves to T01 pin 


at fc = 20MHz. 





To realize SO.S^s of PWM cycle by 0T1 = 0.4^is (@ fc = 
20MHz). 

50.8ns-0.4ns = 127 = 2^-1 


Consequently, n should be set to 7. 

As the period of low level Is 36^s, for 0T1 = 0.4ns, set the 
following value for TREGO: 


36ns 0.4ns = 90 = 5AH 


TRUN 

TMOD 

TREGO 

TFFCR 

P7CR 

P7FC 

TRUN 


MSB 

7 6 5 

<r- - X - 

^111 
<-010 
<- X X X 

<- X X X 

<- X X X 

<- 1 X - 


4 3 2 1 

0 - - 0 

110 1 
X 1 0 1 

X - - 1 

X - - 1 


LSB 

0 

0 

1 

0 

X 

X 

1 


stop timer 0, and clear it to “0". 

Set 8-bit PWM mode (cycle: 2^-1) and select 0T1 as the input clock. 


Write “SAH”. 

Clears TFF1, enables the inversion and double butter. 


) 


Set P71 asTOI pin. 


Start timer 0 counting. 


Note: x; don’t care no change 
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Table 3.7 (3) PWM Cycle and the Setting of 2" -1 Counter 



PWM Cycle (@fc-20 MHz) 

0T1 

0T4 

0T16 

26-1 

25.2nsec (39.0kHz) 

lOOMsec (10.0kHz) 

0.40msec (2.4kHz) 

2^-1 

50.8Msec (19.7kHz) 

203Msec (4.9kHz) 

0.81msec (1.2kHz) 

2®-1 

102psec (9.80kHz) 

408psec (2.4kHz) 

1.63msec (0.61kHz) 


(5) Table 3.7 (4) shows the list of 8-bit timer modes. 


Table 3.7 (4) Timer Mode Setting Registers 


Register Name 

TMOD 

TFFCR 

Name of Function in Register 

TIOM 

PWMM 

T1CLK 

TOCLK 

TFF1IS 

Function 

Timer Mode 

PWMO 

Cycle 

Upper Timer 
Input Clock 

Lower Timer 
Input Clock 

Timer F/F invert 
Signal Select 

16-bit timer mode 

01 

- 

- 

External clock, 

0T1,0T4,0T16 
(00,01,10,11) 

- 

8 -bit timer x 2 channels 

00 

- 

Lower timer match, 
0T1.16.256 
(00.01.10.11) 

External clock, 

0T1,0T4,0T16 
(00,01.10,11) 

0: Lower timer output 

1: Upper timer output 

8 -bit PPG X1 channel 

10 

- 

- 

External clock, 

0T1,0T4,0T16 
(00,01.10,11) 

- 

8 -bit PWM x1 channel 

11 

2 ®-1,2'-1,2®-1 

(01,10,11) 

- 

External clock, 

0T1,0T4,0T16 
(00,01,10,11) 

- 

8 -bit timer x1 channel 

11 

- 

(0T1.T16,T256) 

(01.10.11) 

- 

Output disabled 


Note: Don’t care 
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3.8 8-Bit PWM Timer 

The TMP96C081F has two built-in 8-bit PWM timers (timers 2 
and 3). 

They have two operating modes. 

• 8-bit PWM (pulse width modulation: variable duty fixed inter¬ 
val output mode 

• 8-bit interval timer mode 

Figure 3.8 (1) is a block diagram of 8-bit PWM timer (tim¬ 
ers 2 and 3). 


PWM timers consist of an 8-bit up-counter, 8-bit com¬ 
parator, and 8-bit timer register. Two timer flip-flops (TFF2 for 
timer 2 and TFF3 for timer 3) are provided. 

Input clocks 0P1,0P4, and 0P16 for the PWM timers can 
be obtained using the built-in prescaler. 

PWM timer operating mode and timer flip-flops are con¬ 
trolled by four control registers (POMOD, P1 MOD, PFFCR, and 
TRUN). 
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TRUN <PRRUN> 



Internal bus 


Figure 3.8 (1). Block Diagram of 8>Bit Timer 0 (Timer 2) 

Note; Block diagram for 8-bit PWM timer 1 (timer 3) is the same as the above diagram. 
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® Prescaler 

Generates input clocks dedicated to PWM timers by 
further dividing the fundamental clock (fc) after it has 
been divided by 2 (fc/2). Since the register used to 
control the prescaler is the same as the one for other 
timers, the prescaler cannot be operated indepen¬ 
dently. 


The PWM timer uses three input clocks: ^P1, (jj/PA, 
and (f)/P^ 6. 

Like the 9-bit prescaler described in the 8-bit timer 
section, this prescaler can be counted/stopped using 
bit 7 <PRRUN> of the timer operation control register 
TRUN. Setting <PRRUN> to 1 starts counting; setting 
it to 0 zero-dears and stops counting. Resetting clears 
<PRRUN> to 0, which clears and stops the prescaler. 


Dedicated prescaler cycle 



20MHz 

/PI (4/fc) 
/P4 (16/fc) 
/P16(64/fc) 

200ns 

800ns 

3.2//S 


f(P1 ySP4 ^P16 



TRUN <PRRUN> 


CLK 


fc/2 

/PI 

/P4 



Figure 3.8 (2). Prescaler 


( 2 ) Up-counter 

An 8-bit binary counter which counts up using the 
input clock specified by PWM mode register (POMOD 
or P1MOD). 

The input clock for the PWM0/PWM1 is selected from 
the internal clocks 0P1,0P4, and <jP^^ (PWM dedi¬ 
cated prescaler output) depending on the value set in 
the POMOD/P1 MOD register. 

Operating mode is also set by POMOD and P1 MOD 
registers. At reset, they are initialized to POMOD 
<PWM0M> = 0 and P1 MOD <PWM1 M> = 0, thus, the 
up-counter is in PWM mode. In PWM mode, the up- 
counter is cleared when a 2*^ - 1 overflow occurs; in 
timer mode, the up-counter is cleared at compare and 
match. 

Oount/stop and clear of the up-counter can be con¬ 
trolled for each PWM timer using the timer operation 
control register TRUN. Resetting clears all up-counters 
and stops timers. 


@ Timer registers 

Two 8-bit registers used for setting an interval time. 
When the value set in the timer registers (TREG 2 and 
3) matches the value in the up-counter, the match 
detect signal of the comparator becomes active. 

Timer registers TREG2 and TREG3 are each paired 
with register buffer to make a double buffer structure. 
TREG2 and TREG3 are controlled double buffer 
enable/disable by POMOD <DB2EN> and P1 MOD 
<DB3EN>: disabled when <DB2EN>/<DB3EN> = 0, 
enabled when <DB2EN>/<DB3EN> = 1. 

Data is transferred from register buffer to timer when a 
2^ -1 overflow occurs in the PWM mode, or when 
compare and match occurs in 8-bit timer mode. That 
is, with a PWM timer, the timer mode can be operated 
in double buffer enable state, unlike timer mode for 
timers 0 and 1. 

At reset, <DB2EN>/<DB3EN> is initialized to 0 to disable 
double buffer. To use double buffer, write the data in the 
timer register at first, then set <DB2EN>/<DB3EN> to 1, 
and write the following data in the register buffer. 
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Up-counter 



Internal bus <DB2EN>/<DB3EN> 


8-bit match detect 
PWM2n-l overflow 

TREG2/3WR 


Figure 3.8 (3). Structure of Timer Registers 2 and 3 


Note: The timer register and register buffer are allocated to the same memory address. When <DB2EN>/<DB3EN> = 0, the same value is written to both 
register buffer and timer register. When <DB2EN>/<DB3EN> = 1, the value is written to the register buffer only. 


Memory addresses of the timer registers are as fol¬ 
lows: 

TREG2 : 000026H 
TREG3: 000027H 


Both timer registers are write only; however, register 
buffer values can be read when reading the above 
addresses. 


® Comparator 

Compares the value in the up-counter with the value in 
the timer register (TREG2/TREG3). When they match, 
the comparator outputs the match detect signal. A 
timer interrupt (INTT2/INTT3) is generated at compare 
and match if the interrupt select bit <PWM01 NT>/ 
<PWM1 NT> of the mode register (POMOD/P1 MOD) is 
set to 1. In timer mode, the comparator clears the up- 
counter to 0 at compare and match. It also inverts the 
value of the timer flip-flop if timer flip-flop invert is 
enabled. 

(D Timer flip-flop 

The value of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval 
timer or 2"^ -1 overflow. The value can be output to the 
timer output pin T02/T03 (also used as P72/P73). 
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7 

6 

5 

4 

3 

2 1 

0 

bit Symbol 

FF2RD 

DB2EM 

PWMOINT 

PWMOM 

T2CLK1 

T2CLK0 

PWM0S1 

PWMOSO 

Read/Write 

R 


After reset 

- 

0 

0 

0 

0 

0 

0 

0 

Function 

Flip-flop 

(F/F2) 

output 

data 

1: Double 

Buffer2 

Enable 

0: 2'»-1 
overflow 

interrupt 

1: compare 
a match 

interrupt 

0: PWM 
mode 

1: Timer 
mode 

00: {JPI (f 
01: »lP4(f 
10: flP16( 

11: Don't 

c/4) 

(716) 

fc/64) 

care 

00: 26-1 

01: 27-1 

10:28-1 

11: Don't 

care 


Read-modify-write is 
prohibited. 


Select PWMO cycle 


00 

26-1 

01 

27-1 

10 

28-1 

11 

Don't care 


Select PWMO input clock 


00 

^ PI (fc/4) 

01 

P4{fc/16) 

10 

^ P16 {fc/64) 

11 

Don't care 


select PWMO mode 


0 

PWM mode 

1 

8-bit timer mode 


select PWMO interrupt 


0 

Overflow interrupt 

1 

Compare and match 
interrupt 


control double buffer 


0 

Disable 

1 

Enable 


PWM timer Flip-flop2 (TFF2) 
output value (T02) 


Figure 3.8 (4). 8-Bit PWMO Mode Control Register 
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7 

6 

5 : 4:3 

2 i 1 i 0 

bit Symbol 

FF3RD 

0B3EN 

pwmiint; PWMiM ; T3 CLKi 

T3CLK0 : PWM1S1 j PWM1S0 

Read/Write 

R 

w I 

After reset 

- 

0 

0 

0 

0 

0 

0 

0 

Function 

Flip-flop 

(F/F3) 

output 

data 

1: Double 

Boffer3 

Enable 

0: 2"-l 
overflow 

interrupt 

1: Compare 
and 

match 

interrupt 

0; PWM 
mode 

1: Timer 
mode 

00: ^P1 (f 
01: ,tP4(f 
10:^P16( 
11: Don't 

c/4) 

:/16) 

fc/64) 

care 

00: 26-1 

01:27-1 

10:28-1 

11: Don't 

care 


Read-modi fy-write is 
prohibited. 


Select PWM1 cycle 


00 

26-1 

01 

27-1 

10 

28-1 

11 

Don't care 


Select PWM1 input clock 


00 

yS PI {idA) 

01 

,5P4{fc/16) 

10 

yS PI6 (fc/64) 

11 

Don't care 


Select PWM1 mode 


0 

PWMmode 

1 

8-bit timer mode 


Select PWM1 interrupt 


0 

Overflow interrupy 

1 

Compare and match 
interrupt 


Control double buffer 


0 

Disable 

1 

enable 


PWM timer Flip-flop3 {TFF3) 
output value (T03) 


Figure 3.8 (5). 8-Bit PWM1 Mode Control Register 
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PFFCR 

(002AH) 


—Select PWM timer F/F2 (TFF2) trigger 


00 

Disable TFF2 trigger. 

01 

Invert by compare and match. 

10 

Set by compare and match. 

Clear by 2n -1 overflow. 

11 

Clear by compare and match. 

Set by 2" - ’ overflow. 


Control PWM timerF/F2 (TFF2) 


00 

Don't care 

01 

SetTFF2to"1". 

10 

Clear TFF2 to"0". 

11 

Don't care 



7 6 

5 4 

3 2 

1 0 

bit Symbol 

FF3C1 ; FF3C0 

FF3TRG1 ; FF3TRG0 

FF2C1 ! FF2C0 

FF2TRG1 i FF2TRG0 

Read/Write 

W 

R/W 

W 

R/W 

After reset 

0 0 

o 

o 

o 

o 

o 

o 

Function 

00: Don't care 

01:SetTFF3 

10: ClearTFF3 

11: Don't care 

00 ; Oitabl* TFF3 inverted. 

01 : Invert by match. 

10 : Set by match; 

clear by overflow, 

11 ; Clear by match; 

set by overflow. 

00: Don't care 

01:SetTFF2 

10; ClearTFF2 

11: Don't care 

00 : OitableTFF2 inverted. 

01 : Invert by match. 

10 ; Set by match; 

clear by overflow, 

11 ; Clear by match; 

set by overflow 


Select PWM timer 
F/F3 (TFF3) trigger 


00 

Disable TFF3 trigger. 

01 

Invert by compare and match. 

10 

Set by compare and match. 

Clear by 2" ■ ’ overflow. 

11 

Clear by compare and match. 

Set by 2" - ’ overflow. 


Control PWM timerF/F2 (TFF2) 


00 

Don't care 

01 

SetTFF3 to"!". 

10 

Clear TFF3 to "0". 

11 

Don't care 


Figure 3.8 (6). 8-Bit PWM F/F Control Register 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-515 






























TMP96C081F 


TLCS-900 16-bit Microcontroller 


TRUN 

{0020H) 




6 

S 

4 i 3 i 2 

1 

0 

bit Symbol 

PRRUN : 

T5RUN 

T4RUN : PI RUN j PORUN 

T1RUN 

TORUN 

Read/Write 

RAN 

RAN 1 

After reset 

0 

0 

o 

o 

o 

0 


Function 

Prescaier & Timer Run/Stop CONTROL 

0: Stop & Clear 

1; Run (Count up) 




8-bit timer (timerO) operation 



0 

stop & clear 

1 

Count 

-► 8-bittimer(timer1) operation 


0 

Stop & clear 


1 

Count 

8 -bit PWM timer (PWM0/timer2) operation 


0 

Stop & clear 


1 

Count 

8 -bit PWM timer (PWM0/timer2) operation 


0 

Stop & clear 


1 

Count 

-► 16-bittimer(timer4) operation 


0 

Stop & clear 


1 

Count 

_ 

16-bit timer (timerS) operation 


0 

Stop & clear 


1 

Count 


■ Prescaler operation 


0 

Stop & clear 

1 

Count 


Figure 3.8 (7). Timer Operation Control Register (TRUN) 
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The following explains PWM timer operations. 

(1) PWM timer mode 

Both PWM timers can output 8-bit resolution PWM 
independently. Since both timers operate in exactly the 
same way, PWMO is used for purposes of explanation. 
PWM output changes under the following two condi¬ 
tions. 

Condition 1: 

• TFF2 is cleared to 0 when the value in the up- 
counter (UC2) and the value set in the TREG2 
match. 

• TFF2 is set to 1 when a 2^^ -1 counter overflow (n 
= 6, 7, or 8) occurs. 


Condition 2: 

• TFF2 is set to 1 when the value in the up-counter 
(UC2) and the value set in TREG2 match. 

• TFF2 is cleared to 0 when a 2*^ -1 counter over 
flow (n = 6, 7, or 8) occurs. 

The up-counter (UC2) is cleared by a 2*^ -1 counter 
overflow. 

The PWM timer can output 0% -100% duty pulses 
because a 2^^ -1 counter overflow has a higher priority. 
That is, to obtain 0% output (always low), the mode 
used to set TFF2 to 0 due to overflow (PFFCR 
<FF2TRG1,0> = 1,0) must be set and 2^ -1 (value for 
overflow) must be set in TREG2. To obtain 100% out¬ 
put (always high), the mode must be changed: PFFCR 
<FF2TRG1,0> = 1,1 then the same operation is 
required. 


PWM timing 


Timing in 
detail 


PWM counter 

Match detect 

2^-1 overflow 
counter clear 


m-1 X m 1 r-aX y-i 0 X 01 

_n_ 

_n_ 


Overall 

timing 

(Note) 


Match detect 


2"-1 overflow 


Timer F/F output 
(T02/T03) 



Figure 3.8 (8). Output Waves in PWM Tinner Mode 


Note: The above waves are obtained in a mode where the F/F is set by a match with the timer register (TREG) and reset by an overflow. 
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Figure 3.8 (9) is a block diagram of this mode. 



Internal bus 


Figure 3.8 (9). Block Diagram of PWM Timer Mode (PWMO) 


In this mode, enabling double buffer is very useful. The Using double buffer makes handling small duty waves 

register buffer value shifts into TREG2 when a 2 ^ -1 overflow easy, 
is detected, when double buffer is enabled. 


Match with TREG2 

2 n -1 

overflow 

TREG 2 
(Compared value) 

Register buffer 


(Up-counter * Q1) 

(Up-counter ss Q2) 

_ Jl _ 

^Shiftfrom register buffer 

Qi 

n _ 

_ dL _ 

Qi 

_X _ 2l_ 


V 


Register buffer write 


Figure 3.8 (10). Register Buffer Operation 
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Example: To output the following PWM waves to T02 
pin using PWMO at fc = 20MHz. 



18.75//S 


39.68//S 


39.68ns + 0.25ns = 127 = 2^ -1. 

Consequently, set n to 7. 

Since the low level cycle = 1 8.75ms; for 0 P1 = 0.31 2ms 
1 8.75ms +0.312 = 60 = 3CH 
set the 3CH in TREG2. 


To implement 39.68ms PWM cycle by ^ PI = 0.31 2ms (@ 
fc = 20MHz) 




7 

6 

5 

4 

3 

2 

1 

0 


TRUN 

<r- 

- 

X 

- 

- 

- 

0 

- 

- 

Stops PWMO and clears it to 0. 

POMOD 

<— 

- 

0 

0 

0 

0 

0 

0 

1 

Sets PWM (2^-1) mode, input clock 0P1, overflow interrupt, and disables double buffer. 

TREG2 

<- 

0 

0 

1 

1 

1 

1 

0 

0 

Writes 3CH. 

POMOD 

+- 

- 

1 

0 

0 

0 

0 

0 

1 

Enables double buffer. 

PFFCR 

<— 

- 

- 

- 

- 

0 

1 

1 

1 

Sets TFF2 and a mode where TFF2 is set by compare and match, and cleared by overflow. 

P7CR 

<- 

X 

X 

X 

X 


1 



)setsP72astheT02 pin. 

P7FC 

<- 

X 

X 

X 

X 

- 

1 

- 

X 

TRUN 

<- 

1 

X 

- 

- 

- 

1 

- 

- 

Starts PWMO counting. 


Note : x; don’t care no change 


Table 3.8 (1) PWM Cycle and 2" -1 Counter Setting 



Formula 

20MHz 


0P1 

<IPA 

0P16 

2®-1 

2®-1 - 0Pn 

12.6Msec 

50.4psec 

201psec 



(79kHz) 

(20kHz) 

(4.9kHz) 

2'-1 

2^-1 - 0Pn 

25.4Msec 

lOTOpsec 

406Msec 



(39kHz) 

(9.8kHz) 

(2.5kHz) 

2®-1 

2M - 

Sl.Opsec 

204.0psec 

816Msec 



(20kHz) 

(4.9kHz) 

(1.2kHz) 
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(2) 8-bit timer mode 

Both PWM timers can be used independently as 8-bit 
interval timers. Since both timers operate in exactly the 
same way, PWMO (timer 2) is used for the purposes of 
explanation. 


® Generating interrupts at a fixed interval 

To generate timer 2 interrupt (INTT2) at a fixed interval 
using PWMO timer, first stop PWMO, then set the oper¬ 
ating mode, input clock, and Interval in the POMOD 
and TREG2 registers. Next, enable INTT2 and start 
counting PWMO. 


Example: To generate a timer 2 interrupt every 32fis 
at fc = 20MHz, set registers as follows: 


TRUN <- - 

POMOD X 

TREG2 <- 1 

INTEPW10 <- - 

TRUN ^ 1 

Note: x; don’t care 


7 6 5 4 

X - - 

0 1 1 

0 1 0 

X - - 

no change 


3 2 10 

- 0 - - 

0 0 X X 

0 0 0 0 

110 0 
- 1 - - 


Stops PWMO and clears it to 0. 

Sets 8-bit timer mode and selects 0P1 {0.2ps) and 
compare interrupt. 

Sets 32 ms/0.2hs = AOH in timer register. 

Enables INTT2 and sets interrupt level 4. 

Starts PWMO counting. 


Select an input clock using the table below. 


Table 3.8 (2) Interrupt Cycle and Input Clock Selection using 8-Bit Timer Mode 


Input Clock 

Interrupt Cycle 
(at fc» 20MHz) 

Resolution 

0P1 (4/fc) 

0.2ps-51.2ps 

0.2ms 

0P4(16/fc) 

0.8ps ~ 204.8)16 

0.8ms 

0P16{64/tc) 

3.2ms ~ 819.2ps 

3.2ms 


Note; To generate interrupts in 8-bit timer mode, bit 5 (interrupt control bit <PWM01 NT>/<PWM1 NT> of 
POMOD/P1 MOD) must be set to 1. 
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® Generating a 50% square wave 

To generate a 50% square wave, invert the timer flip- 
flop at a fixed interval and output the timer flip-flop 




7 

6 

5 

4 

3 

2 

1 

0 

TRUN 

<- 

- 

X 

- 

- 

- 

0 

- 

- 

POMOD 

<- 

X 

0 

1 

1 

0 

0 

X 

X 

TREG2 

<- 

0 

0 

0 

0 

0 

1 

1 

0 

PFFCR 

<- 

- 

- 

- 

- 

1 

0 

0 

1 

P7CR 

<- 

X 

X 

X 

X 

- 

1 

- 

- 

P7FC 

<- 

X 

X 

X 

X 

- 

1 

- 

X 

TRUN 

<- 

1 

X 

- 

- 

- 

1 

- 

_ 


Note: x; don’t care no change 


value to the timer output pin (T02). 

Example: To output a 2.4^5 square wave at fc = 

20MHz from T02 pin, set register as follows: 


Stops PWMO and clears it to 0. 

Sets 8-bit timer mode and selects ^Pl (0.2ms) as the input clock. 

Sets 2.4ms/0.2ms/2 = 6 in the timer register. 

Clears TFF2 to 0 and inverts using comparator output. 

) Sets P72 as the T02 pin. 

Starts counting PWMO. 




TRUN 



Figure 3.8 (11). Square Wave (50% Duty) Output Timing Chart 
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This mode is as shown in Figure 3.8 (12) below. 



internal bus 


Figure 3.8 (12). Biock Diagram of 8-Bit Timer Mode 
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3.9 16-Bit Timer 

The TMP96C081F contains two (timer 4 and timer 5) multi¬ 
functional 16-bit timer/event counter with the following opera¬ 
tion modes. 

• 16-bit interval timer mode 

• 16-bit event counter mode 

• 16-bit programmable pulse generation (PPG) mode 

• Frequency measurement mode 

• Pulse width measurement mode 


• Time differential measurement mode 

Timer/event counter consists of 16-bit up-counter, two 
16-bit timer registers, two 16-bit capture registers (one of them 
applies double-buffer), two comparators, capture input con¬ 
troller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by four control regis¬ 
ters: T4MOD/T5MOD, T4FFCFI/r5FFCR, TRUN and T45CR. 

Figure 3.9 (1) and (2) show the block diagram of 16-blt 
timer/event counter (timer 4 and timer 5). 
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Figure 3.9 (1). Block Diagram of 16-Bit Timer (Timer 4) 
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TFF1 

TI6 

TI5 



Figure 3.9 (2). Block Diagram of 16-Bit Timer (Timer 5) 
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7 6 

5 

4 

3 

2 

_ ^^ _0_1 

T4M0D 

bit Symbol 

CAP2T5 i EQ5T5 

CAP 11N 

CAP12M1 :CAP12M0 

CLE 

T4CLK1 i 

T4CLK0 1 

(0038H) 

Read/Write 

R/W 

W 

R/W 

R/W 

RAA/ 1 


After reset 

0 i 0 i 1 

0 

0 

0 

0 



Function 

TFF5 invert trigger 

0: Disable trigger 

1: Enable trigger 

0: Soft- 
Capture 

1 : don't 

Capture timing 

00: Disable 

INT4 occurs at rise edge. 

01:TI4T TISt 

1; UC4 
Clear 
Enable 

Timer 4 source clock 

00:TI4 

01 : ^T1 



Invert : Invert 

when the : when the 
UC value is :up-counter 
loaded to matches 
CAP2 :TREG5 


INT4 occurs at rise edge. 

10:ti 4T Ti4i 

INT4 occurs at fall edge. 
11:TfFlt TFFIi 

INT4 occurs at rise edge. 


10 : 9ST4 

11 : vST16 




Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4MOD) (1/2) 
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_^_ 

5 

4 3 

2 

1 0 

bit Symbol 

CAP2T5 

EQ5T5 

CAP1IN 

CAP12M1 :CAP12M0 

CLE 

T4CLK1 ; T4CLK0 

Read/Write 

R/W 

W 

R/W 

R/W 

R/W 

After reset 

0 

0 

1 

0 0 

0 

0 0 

Function 

TFF5 invert trigger 

0: Disable trigger 

1: Enable trigger 

0; Soft- 
Capture 

1 ; don't 

care 

Capture timing 

00: Disable 

INT4 occurs at rise edge 
01:TI4t TIST 

INT4 occurs at rise edge. 
10:TI4t TI4i 

INT4 occurs at fall edge. 

11:TFF1T TFFU 

INT4 occurs at rise edge. 

1: UC4 
Clear 
Enable 

Timer 4 source clock 

00:TI4 

01 : ^T1 

10 : ^T4 

11 : ^T16 

Invert 
when the 
UC value is 
loaded to 
CAP2 

Invert 
when the 
up-counter 
matches 
TREG5 


I , —-j I , Z-J 


'—Capture timing of timer4 



Capture control 

INT4 control 

00 

Capture disable 

Interrupt occurs 
at the rise edge 
of TI4 (INTI) 
input. 

01 

CAPl atTI4 rise 

CAP2 atTIS rise 

10 

CAPl atTI4 rise 

CAP2 atTI4fall 

Ihtefrupt occurs —. 
at the fall edge ^ 
of TI4 (INTI) 
input. 

11 

CAPl atTFFI rise 

CAP2 atTFFI fall 

Interrupt occurs 
at the rise edge 
of TI4 (INTI) 
input. 


Software capture 

0 The up-counter4 value is loaded to CAPl 
(software capture). 

•j Always read as "1". 


Timer flip-flop 5 (TFF5) invert trigger 


0 

Trigger disable (Invert Prohi 

ibition) 

1 

Trigger enable (Invert perm 

ission) 


CAP2T5 : Invert when the up-counter value is loaded to CAP2 
E05T5 : Invert when the up-counter matches TREG5 


Figure 3.9 (4). 16-Bit Controller Register (T4MOD) (2/2) 
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T4FFCR 

(0039H) 


00 

Inverts theTFF4 value (software inversion). 

01 

SetsTFF4 to "1". 

10 

Clear TFF4 to "0". 

11 

Don't care (Always read as " 11"). 

Timer flip-flop 4 (TFF4) invert trigger 

0 

Trigger disable (Invert prohibition) 

1 

Trigger enable (Invert permission) 


CAP2T4 : Invert when the up-counter value is loaded to CAP2 
CAP1T4 : Invert when the up-counter value is loaded to CAPl 
EQ5T4 : Invert when up-counter matches TREG5 
EQ4T4 : Invert when up-counter matches TREG4 


Timer flip-flop 5 (TFF5) control 


00 

Inverts the TFF5 value (software inversion). 

01 

SetTFFS to"r. 

10 

Clear TFF5 to "0". 

11 

Don't care (Always read as " 11".) 



7 6 

5 

4 3 

2 

1 0 

bit Symbol 

TFF5C1 i TFF5C0 

CAP2T4 

CAP1T4 : EQ5T4 

EQ4T4 

TFF4C1 1 TFF4C0 

Read/Write 

w 

R/W 

RW WW 

RAAf 

w 

After reset 

0 0 

0 

0 0 

0 

0 0 

Function 

00: Invert TFF5 

01:Set TFF5 

10: Clear TFF5 

11 : don't care 

Always read as "11 

TFF4 invert trigger 

0: Disable trigger 

1: Enable trigger 

00: Invert TFF4 

01:Set TFF4 

10: Clear TFF4 

11 : don't care 

^ Always read as 
"11" 

nvert when 

the UC value 

i loaded to 

CAP2 

Invert when jlnvertwhen 
the UC value jthe UC 
is loaded to jmatches 

CAPl :TREG5 

Invert when 

the UC 

matches 

TREG4 


^ Timer flip-flop 4 {TFF4) control 


Figure 3.9 (5). 16-Bit Timer 4 F/F Control (T4FFCR) 
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T5MOD 

(0048H) 



7 6 

5 

4 3 

2 ; 1 ; 0 

bit Symbol 


CAP3IN 

CAP34M1 :c:ap34mo 

CLE : T5CLK1 ! T5CLK0 

Read/Write 


W 

RW 

R/W R/W 

After reset 


1 

0 0 

0 

0 0 

Function 


0: Soft- 
Capture 

1 ; don't 

care 

Capture timing 

00: Disable 

INT6 occurs at rite edge 

01:TI6t TI7t 

INT6 occurs at rise edge. 
10:TI6t TI6i 

INT6 occurs at fall edge 

11 : TFFt t tffi i 
INT4occursatriseedge. 

1: UC5 
Clear 
Enable 

Timer 5 source clock 

00:TI6 

01 : ^T1 

10 : ^T4 

11 : ^T16 


■ Timer 5 input clock 


00 

External clock {TI4) 

01 

,JT1 (8/fc) 

10 

,iT4 (32/fc) 

11 

yfT16(128/fc) 

Clearing the up-counter UC5 

0 

Clear disable 

1 

Clear by match with TREG7 


Figure 3.9 (6). 16-Bit Timer Mode Control Register (T5MOD) (1/2) 
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T5MOD 

(0048H) 


*—► Timer 5 Capture timing 



Capture control 

INT4 Control 

00 

Capture disable 

Interrupt occurs 
at the rise edge 
of TI6 (INT6)jr- 
input. 

01 

CAP3 atTISrise 

CAP4 at TI7 rise 

10 

CAP3 atTI6 rise 

CAP4 atTISfall 

Iriterfupt occurs 
at the fall edge 
of TI6 (INT6)^ 
input. 

11 

CAP3 atTFFl rise 

CAP4atTFFl fall 

Interrupt occurs 
at the rise edge ^ 
of TI6 (INTO) JT 
input. 



7 6 

5 

4 3 

2 

1 i 0 

bit Symbol 


CAP3IM 

CAP34M1 :CAP34M0 

CLE 

T5CLK1 1 T5CLK0 

Read/Write 


W 

R/W 

R/W 

R/W 

After reset 


1 

0 0 

0 

0 0 



0; Soft- 
Capture 

1 : don't 

care 

Capture timing 

00; Disable 

INT6 occurs at rise edge. 

01:Tl6t TI7t 

INT6 occurs at rise edge 
10:TI6T Tl6i 

INT6 occurs at fall edge. 

11:TFF1t tffu 

INT4 occurs at rise edge. 

1: UCS 
Clear 
Enable 

Timer 5 source clock 

00:TI6 

01 ; ^T1 

10 : ,lT4 

11 : ^T16 


J 


Software capture 

0 The up-counter 5 value is loaded to CAP3. 
1 Always read as "1". 


Figure 3.9 (7). 16-Bit Tinner Control Register (T5MOD) (2/2) 


MCU900-530 


TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 




















TLCS-900 16-bit Microcontroller 


TMP96C081F 



7 6 

5 

4 

3 

2 

1 0 

bit Symbol 


CAP4T6 

CAP3T6 

EQ7T6 

EQ6T6 

TFF6C1 i TFF6C0 

Read/Write 


RW 

R/W 

RW 

R/W 

W 

After reset 


0 

0 

0 

0 

0 0 

Function 


TFF6 invert trigger 

0: Disable trigger 

1: Enable trigger 

00: Invert TFF6 

01 .Set TFF6 

10: Clear TFF6 

11 : don't care 

M Always read as 
"11" 

Invert when 

the UC value 

is loaded to 

CAP4 

Invert when 

the UC value 

IS loaded to 

CAP3 

Invert when 

the UC 

matches 

TREG7 

Invert when 

the UC 

matches 

TREG6 


^ Timer flip-flop 6 (TFF6) control 


00 

Inverts the TFF4 value (software inversion). 

01 

SetsTFFbto "1". 

10 

Clear TFF6 to "0". 

11 

Don't care (Always read as " 11"). 

Timer flip-flop 6 (TFF6) invert trigger 

0 

Trigger disable (Invert prohibition) 

1 

Trigger enable (Invert permission) 


CAP4T6 : Invert when the up-counter value is loaded to CAP4 
CAP3T6 : Invert when the up-counter value is loaded to CAP3 
EQ7T6 : Invert when up-counter matches TREG7 
EQ6T6 : Invert when up-counter matches TREG6 


Figure 3.9 (8). 16-Bit Timer 5 F/F Control (T5FFCR) 
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7 6 

5 

4 

3 : 2 i 1 i 0 

bit Symbol 




PG1T : PGOT i DB6EN i DB4EN 

Read/Write 

R/W 




RAW 

After reset 

0 




0 

0 

0 



Fix at "0“ 


PCI shift 
Trigger 

0:8 bit 

Timer Trigger 
(Timer 0,1) 

1; 16 bit 

Timer Trigger 
(Timers) 

PGO shift 
Trigger 

0:8 bit 

Timer Trigger 
(TimerO, 1) 

1: 16 bit 

Timer Trigger 
(Timer 4) 

0: Disable 

1: Enable 

Double 
buffer of 
TREG6 

Double 
buffer of 
TREG4 

1 1 


L- Double buffer countrol 
0 Disable 
1 Enable 


DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 


Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR) 



7 

6 

5 

4 13 12 

1 

0 

bit Symbol 

PRRUN 


T5RUN 

T4RUN i PI RUN j PORUN 

T1RUN 

TORUN 

Read/Write 

R/W 


RAW 1 

After reset 

0 


0 

0 : 0 i 0 

0 



Prescaler & Timer Run/Stop CONTROL 

0: Stop & Clear 

1: Run (Count up) 


U. Operation of 16-bit timer (timer4) 


0 

Stop and clear 

1 

Count 

Operation of 16-bit timer (timerS) 

0 

Stop and clear 

1 

Count 

Operation of prescaler 

0 

STOP and clear 

1 

Count 


Figure 3.9 (10). Timer Operation Control Register (TRUN) 
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® Up-counter (UC4/UC5) 

UC4/UC5 is a 16-bit binary counter which counts up 
according to the input clock specified by T4MOD 
<T4CLK1,0> or T5MOD <T5CLK1.0> register. 

As the input clock, one of the internal clocks (f)T^ (8/ 
fc), (f> T4 (32/fc), and 0 T16 (128/fc) from 9-bit prescaler 
(also used for 8-bit timer), and external clock from TI4 
pin (also used as P80/INT4 pin) or TI6 (also used as 
P84/INT6 pin) can be selected. When reset, it will be 
initialized to <T4CLK1,0>/<T5CLK1,0> = 00 to select 
TI4Ari6 input mode. Counting or stop and clear of the 
counter is controlled by timer operation control register 
TRUN <T4RUN, T5RUN>. 

When clearing is enabled, up-counter UC4/UC5 will be 
cleared to zero each time it coincides matches the 


timer register TREG5, TREG7. The “clear enable/dis¬ 
able" is set by T4MOD <CLE> and T5MOD <CLE>. 

If clearing is disabled, the counter operates as a free- 
running counter. 

(D Timer Registers 

These two 16-bit registers are used to set the interval 
time. When the value of up-counter UC4/UC5 matches 
the set value of this timer register, the comparator 
match detect signal will be active. 

Setting data for timer register (TREG4, TREG5, TREG6 
and TREG7) is executed using 2 byte date transfer 
instruction or using 1 byte date transfer instruction 
twice for lower 8 bits and upper 1 bits in order. 



TREG4 and TREG6 timer register is of double buffer 
structure, which is paired with register buffer. The timer 
control register T45CR <DB4EN, DB6EN> controls 
whether the double buffer structure should be enabled 
or disabled. : disabled when <DB4EN, DB6EN> = 0, 
while enabled when <DB4EN, DB6EN> = 1. 

When the double buffer is enabled, the timing to trans¬ 
fer data from the register buffer to the timer register is 
at the match between the up-counter (UC4/UC5) and 
timer register TREG5yTREG7. 

When reset, it will be initialized to <DB4EN, DB6EN> = 
0, whereby the double buffer is disabled. To use the 
double buffer, write data in the timer register, set 
<DB4EN, DB6EN> = 1, and then write the following 
data in the register buffer. 

TREG4, TREG6 and register buffer are allocated to the 


same memory addresses 000030H/000031H/ 
0000400H/000041H. When <DB4EN, DB6EN> = 0, 
same value will be written in both the timer register and 
register buffer. When <DB4EN, DB6EN> = 1, the value 
is written into only the register buffer. 

(D Capture Register 

These 16-bit registers are used to hold the values of 
the up-counter. 

Data in the capture registers should be read by a 2- 
byte data load instruction or two 1 -byte data load 
instruction, from the lower 8 bits followed by the upper 
8 bits. 
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CAP1 CAP 2 


Upper 8 bits 

Lower 8 bits 

000037H 

000036H 

CAP 4 

Upper 8 bits 

Lower 8 bits 


Upper 8 bits 

Lower 8 bits 

000035H 

000034H 

CAP 3 

Upper 8 bits 

Lower 8 bits 


000045H 000044H 000047H 000046H 


® Capture Input Control 

This circuit controls the timing to latch the value of up- 
counter UC4/UC5 into (CAP1, CAP2)/(CAP3, CAP4). 
The latch timing of capture register is controlled by reg¬ 
ister T4MOD <CAP12M1,0>/a‘5MOD <CAP34M1, 0>. 


• When T4MOD <CAP12M1,0>/r5MOD 
<CAP34M1,0> = 00 

Capture function is disabled. Disable is the 
default on reset. 

• When T4MOD <CAP12M1,0>/T5MOD 
<CAP34M1,0> = 01 

Data is loaded to CAP1, CAP3 at the rise edge 
of TI4 pin (also used as P80/INT4) and TI6 pin (also 
used as P84/INT6) input, while data is loaded to 
CAP2, CAP4 at the rise edge of TI5 pin (also used as 
P81/INT5 and TI7 pin (also used as P85/INT7) input. 
(Time difference measurement) 

• When T4MOD <CAP12M1,0>/r5MOD 
<CAP34M1,0> = 10 

Data is loaded to CAP1 at the rise edge of TI4 
pin input and to CAP3 at the rise edge of TI6, while to 
CAP2, CAP4 at the fall edge. Only in this setting, 
interrupt INT4/INT6 occurs at fall edge. (Pulse width 
measurement) 

• When T4MOD <CAP12M1,0>/r5MOD 
<CAP34M1.0> = 11 

Data is loaded to CAP1, CAP3 at the rise edge of timer 
flip-flop TFF1, while to CAP2, CAP4 at the fall edge. 
Besides, the value of up-counter can be loaded to 
capture registers by software. Whenever “0” is written 
in T4MOD <CAPIN>, T5MOD <CAP31 N> the current 
value of up-counter will be loaded to capture register 
CAP1/CAP3. It is necessary to keep the prescaler in 
RUN mode (TRUN <PRRUN> to be “1”). 


(D Comparator 

These are 16-bit comparators which compare the up- 
counter UC4/UC5 value with the set value of (TREG4, 
TREG5)/(TREG6, TREG7) to detect the match. When a 
match is detected, the comparators generate an interrupt 
(INTT4, INTT5)/(INTT6, INTT7) respectively. The up- 
counter UC4/UC5 is cleared only when UC4/UC5 
matches TREG5/TREG7. (The clearing of up-counter 
UC4/UC5 can be disabled by setting T4MOD <CLE>/ 
T5MOD <CLE> = 0.) 

® Timer Flip-Flop (TFF4/TFF6) 

This flip-flop Is inverted by the match detect signal from 
the comparators and the latch signals to the capture 
registers. Disable/enable of inversion can be set for 
each element by T4FFCR <CAP2T4, CAP1T4, EQ5T4, 
EQ4T4>/T6FFCR <CAP4T6, CAP3T6, EQ7T6, 
EQ6T6>. TFF4/TFF6 will be inverted when “00” is writ¬ 
ten in T4FFCR <TFF4C1,0>/r6FFCR <TFF6C1,0>. 
Also it is set to “1 ” when “10” is written, and cleared to 
“0” when “10” is written. The value of TFF4/TFF6 can 
be output to the timer output pin T04 (also used as 
P82) and T06 (also used as P86). 

® Timer Flip-Flop (TFF5) 

This flip-flop is inverted by the match detect signal from 
the comparator and the latch signal to the capture reg¬ 
ister CAP2. TFF5 will be inverted when “00” is written 
in T4FFCR <TFF5C1,0>/T6FFCR <TFF6C1,0>. Also it 
is set to “1” when “10” is written, and cleared to “0” 
when “10” is written. The value of TFF5 can be output 
to the timer output pin T05 (also used as P82). 

Note: This flip-flop (TFFS) is contained only in the 16-bit timer 4. 
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(1) 16-bit Timer Mode 

Timers 4 and 5 operate independently. 

Since both timers operate in exactly the same way 


TRUN 

<- 

7 

6 

X 

5 

4 

0 

3 

2 

1 

0 

INTET54 

<r- 

1 

1 

0 

0 

1 

0 

0 

0 

T4FFCR 

<- 

1 

1 

0 

0 

0 

0 

1 

1 

T4M0D 

<r- 

0 

0 

1 

0 

0 

1 

* 

* 

TREG5 

<- 

* 

* 

*, 

r 

= 01,10,11) 

* 

* 

TRUN 

<r- 

1 

X 


1 




★ 


Note: x; don’t care no change 


(2) 16-bit Event Counter Mode 

In 16-bit timer mode as described in above, the timer 
can be used as an event counter by selecting the 
external clock (TI4/TI6 pin input) as the input clock. To 
read the value of the counter, first perform “software 
capture” once and read the captured value. 


timer 4 is used for the purposes of explanation. 
Generating interrupts at fixed intervals: 

In this example, the interval time is set in the timer reg¬ 
ister TREG5 to generate the interrupt INTTR5. 


Stop timer 4. 

Enable INTTR5 and sets interrupt level 4. Disables 
INTTR4. 

Disable trigger. 

Select internal clock for input and disable the capture function. 
Set the interval timer (16 bits). 

Start timer 4. 


The counter counts at the rise edge of TI4/TI6 pin 
input. 

TI4/TI6 pin can also be used as P80/INT4 and P84/ 
INT6. 

Since both timers operate in exactly the same way, 
timer 4 is used for the purposes of explanation. 




7 

6 

5 

4 

3 

2 

1 

0 


TRUN 

<- 

- 

X 

- 

0 

- 

- 

- 

- 

stop timer 4. 

P8CR 

<r- 

- 

- 

- 

- 

- 

- 

- 

0 

Set P80 to input mode. 

INTET54 

<- 

1 

1 

0 

0 

1 

0 

0 

0 

Enable INTTR5 and sets interrupt level 4, while 

disables INTTR4. 

T4FFCR 

4 - 

1 

1 

0 

0 

0 

0 

1 

1 

Disable trigger. 

T4M0D 

<r- 

0 

0 

1 

0 

0 

1 

0 

0 

Select TI4 as the input clock. 

TREG5 

<- 

* 

* 

* 

* 

* 

* 

* 

* 

Set the number of counts (16 bits). 

TRUN 

<r- 

1 

X 

- 

1 

- 

- 

- 

- 

Start timer 4. 


Note: When used as an event counter, set the prescaler in RUN mode. 
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The PPG mode is obtained by inversion of the timer 
flip-flop TFF4 that is to be enabled by the match of the 
up-counter UC4 with the timer register TREG4 or 5 
and to be output to T04 (also used as P82). In this 
mode, the following conditions must be satisfied. 

(Set value of TREG4) < (Set value of TREG5) 


Stop timer 4. 

Set the duty (16 bits). 

Set the cycle (16 bits). 

Double buffer of TREG4 enable. 

(Changes the duty and cycle at the Interrupt INTTR5) 

Set the mode to invert TFF4 at the match with 
TREG4/TREG5, and also sets TFF4 to T. 

Select internal clock for input and disables the capture function. 

) Assign P82 as T04. 

Start timer 4. 


Match with TREG4 
(interrupt INTTR4) 

Match with TREG5 
(interrupt INTTR5) 

T04pin 


Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms 



7 6 5 4 3 2 1 0 

TRUN 

TREG4 <_ * * ’^ * * * * * 

TREG5 ^ ******* * 

T45CR <-0xxx---1 

T4FFCR <-11001100 

T4M0D <- 0 0 1 0 0 1 ** 

(** = 01 , 10 , 11 ) 

P8CR ^-----1 - - 
P8FC <-x-xx-1xx 
TRUN <- 1 X - 1 - - - - 

Note: x; don’t care no change 


(3) 16-bit Programmable Pulse Generation (PPG) Output 

Mode 

Since both timers operate In exactly the same way, 
timer 4 is used for the purposes of explanation. 
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When the double buffer of TREG4 is enabled in this 
mode, the value of register buffer 4 will be shifted in TREG4 


at match with TREG5. This feature makes easy the handling of 
low duty waves. 


Match with TREG4 

Match with TREG5 

TREG4 
(value to be 
compared) 

Register buffer 


ter = Oi _ Do-counter = 


_1 1_ 

Up-counter = Qi _ 

/I 

^ Up-counter = 02 

c 

Shift into the TREG5 

_ J 

(_?!_ 

7^ 




Write into the TREG4 


Figure 3.9 (12). Operation of Register Buffer 

Shows the block diagram of this mode. 



Internal bus 


Figure 3.9 (13). Block Diagram of 16-Bit PPG Mode 
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(4) Application Exannples of Capture Function 

The loading of up-counter (UC4) values into the cap¬ 
ture registers CAP1 and CAP2, the tinner flip-flop TFF4 
inversion due to the nnatch detection by comparators 
CP4 and CPS, and the output of TFF4 status to T04 
pin can be enabled or disabled. Combined with inter¬ 
rupt function, they can be applied in many ways, for 
example: 

® One-shot pulse output from external trigger pulse 
(D Frequency measurement 
(D Pulse width measurement 
® Time difference measurement 


© One-Shot Pulse Output from External Trigger Pulse 

Set the up-counter UC4 in free-running mode with the 
internal input clock, input the external trigger pulse 
from TI4 pin, and load the value of up-counter into 
capture register CAP1 at the rise edge of the TI4 pin. 
Then set to T4MOD <CAP12M1,0> = 01. 

When the interrupt INT4 is generated at the rise edge 
of TI4 input, set the CAP1 value (c) plus a delay time (d) 
to TREG4 (= c + d), and set the above set value (c + d) 
plus a one-shot pulse width (p) to TREG5 (= c + d -i- p). 
When the interrupt INT4 occurs the T4FFCR <EQ5T4, 
EQ4T4> register should be set that the TFF4 inversion 
is enabled only when the up-counter value matches 
TREG4 or TREG5. When interrupt INTTR5 occurs, this 
inversion will be disabled. 


Count clock 
(internal clock) 

TI4 pin input 
(external trigger pulse) 

Match with TREG4 


Match with TREG5 


Timer output pin T04 


^ Set the counter in free-running mode. 

JUUUUUl_ 

c+d c+d+p 

l_ 


^ Load the up-counter value into Capture r 
^ Register 1 (CAPI) INT4 occurred ! 


Inversion 

enable 


r INTTR5 occt|rred 


Disables inversionV 
caused by loading \ 
^ of the up-counter 
ijf value into CAPI. 


• Inversion 
< enable 


Delay time 


(d) 


(P) 


Figure 3.9 (14). One-Shot Pulse Output (with Delay) 
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Setting Exannple: To output 2ms one-shot pulse with Sms delay to the external trigger pulse to TI4 pin. 


Keep counting (Free-running). 


Main scttino 










—► Count with 0T1. 

T4M0D <- 

- 

- 

1 

0 

1 

( 


r 

0 

1 

1 






' — 


— 

— 



— ► Load the up-counter value into CAP1 at the rise edge of TI4 pin input. 

T4FFCR «- 

1 

1 

0 

0 

0 

0 

1 

0 





L 

-r 


— 


L_ 

_l_ 

—► Clear TFF4 to zero. 





' 






Disable TFF4 inversion. 

P8CR 4- 

_ 

_ 

_ 

_ 

_ 

1 

_ 

_ 

) Select P82 as the T04 pin. 










P8FC 4- 

X 


X 

X 


1 

X 

X 

INTE45 ^ 

_ 

- 

- 

- 

1 

1 

0 

0 

Enable INT4, and disables INTTR4 and INTTR5. 

INTET54 4- 

1 

0 

0 

0 

1 

0 

0 

0 


TRUN 4- 

1 

X 

- 

1 

- 

- 


- 

- 

Start timer 4. 

Settina of INT4 











TREG4 4- 


CAP1 + 3ms/0T1 







TREG5 4- 


TREG4 + 

2ms/^T1 







T4FFCR 4- 

- 

- 

- 

- 

1 

1 

- 

- 







L_ 

_ 

L_ 



— ^ Enable TFF4 inversion when the up-counter value matches TREG4 or 5. 

LNTET54 4- 

1 

1 

0 

0 

- 

- 


- 

- 

Enable INHRS. 

Settina of I NTS 











T4FFCR 4- 

- 

- 

- 

- 

0 

0 

- 

- 






L_ 

I 





Disable TFF4 inversion when the up-counter value matches TREG 4 or 5. 

INTET54 4- 

1 

0 

0 

0 

- 

- 


- 

- 

Disable INTTR5. 


Note: x; don’t care no change 


When delay time is unnecessary, invert timer flip-flop 
TFF4 when the up-counter value is loaded into capture register 
1 (CAP1), and set the CAP1 value (c) plus the one-shot pulse 
width (p) to TREG5 when the interrupt INT4 occurs. The TFF4 


inversion should be enabled when the up-counter (UC4) value 
matches TREG5, and disabled when generating the interrupt 
INTTR5. 
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Count clock 
(internal clock) 

TI4 pin input 
(external trigger pulse) 


Match withTREGS 


JUmiUlll_IU11UUL__ _ JIUL— 


—f 


Loatl theju^^ounter ^^wlue into Capture 


Register 1 f 


' INT4 occurred 

/•"INTTR5 
occurred 


Load the up-counter value into 
Capture Register 2 {CAP2). 


Timer output pin T04 


Enables inversion caused 
by loading of the up- 
counter value into CAP1. 


/ 


Pulse width 
(P) 


- 7 - 

Disables inversion caused by loading of 
the up-counler value into CAP2. 


Figure 3.9 (15). One-Shot Pulse Output (without Delay) 


® Frequency Measurement 

The frequency of the external clock can be measureci 
in this mo(je. The clock is input through the TI4 pin, 
and its frequency is measured by the 8-bit timers 
(Timer 0 and Timer 1) and the 16-bit timer/event 
counter (Timer 4). 

The TI4 pin input should be selected for the input clock 


of Timer 4. The value of the up-counter is loaded into 
the capture register CAP1 at the rise edge of the timer 
flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and 
into CAP2 at its fall edge. 

The frequency Is calculated by the difference between 
the loaded values in CAP1 and CAP2 when the inter¬ 
rupt (INTTO or INTT1) is generated by either 8-bit timer. 


(internal clock) 
TFF1 

Loading UC16 into CAPl 
Loading UC16 into CAP2 
TNTT0/INTT1 


-lUUUlIlL.. 

Cl 

_ 

C2 



1 1 

1_ 


i jlc, 


u 

U I 

\\C2 

^ _ 

_11_ L _ 

_L- 


Figure 3.9 (16). Frequency Measurement 


For example, if the value for the level “1 ” width of TFF1 
of the 8-bit timer is set to 0.5 sec. and the difference 


between CAPl and CAP2 is 100, the frequency will be 
100/0.5[s] = 200[Hz]. 
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d) Pulse Width Measurement 

This mode allows measuring the “H” level width of an 
external pulse. While keeping the 16-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is input through the TI4 pin. 
Then the capture function is used to load the UC4 val¬ 
ues into CAP1 and CAP2 at the rising edge and falling 


edge of the external trigger pulse respectively. The 
interrupt INT4 occurs at the falling edge of TI4. 

The pulse width is obtained from the difference 
between the values of CAP1 and CAP2 and the inter¬ 
nal clock cycle. 

For example, if the internal clock is 0.8 microseconds 
and the difference between CAP1 and CAP2 is 100, 
the pulse width will be 100 x 0.8 = 80 microseconds. 


Count clock 
(internal clock) 


jinmum_ _niuuui_ 

Cl C2 



Figure 3.9 (17). Pulse Width Measurement 

Note: Only in this pulse width measuring mode (T4MOD <CAP12M1,0> = 10), externed interrupt INT4 occurs at the falling edge of TI4 pin input. In other 
modes, it occurs at the rising edge. 


The width of “L” level can be measured from the differ¬ 
ence between the first C2 and the second C1 at the 
second INT4 interrupt. 

® Time Difference Measurement 

This mode is used to measure the difference in time 
between the rising edges of external pulses input 
through TI4 and TI5. 

Keep the 16-bit timer/event counter (Timer 4) counting 


(free-running) with the internal clock, and load the UC4 
value into CAP1 at the rising edge of the input pulse to 
TI4. Then the interrupt INT4 is generated. 

Similarly, the UC4 value is loaded into CAP2 at the ris¬ 
ing edge of the input pulse to TI5, generating the inter¬ 
rupt I NTS. 

The time difference between these pulses can be 
obtained from the difference between the time counts 
at which loading the up-counter value into CAP1 and 
CAP2 has been done. 
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Figure 3.9 (18). Time Difference Measurement 


(5) Different Phased Pulses Output Mode 

In this output mode, signals with any different phase 
can be outputted by free-running up-counter UC4. 


When the value in up-counter UC4 and the value in 
TREG4 (TREG5) match, the value in TFF4 (TFF5) is 
inverted and output to T04 (T05). 

This mode can only be used by 16-bit timer 4. 


Counter 

(free-running) 


Match 

Match 


with TREG4 
with TREG5 

T04 

T05 



Figure 3.9 (19). Phase Output 


Cycles (counter overflow time) of the above output 
waves are listed below. 



20IVIHZ 

0T1 

0.819ms 

(/>J4 

3.277ms 

0T16 

13.11ms 
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3.10 Stepping Motor Control/Pattern Generation Port Channel 0 (PGO) is synchronous with 8-bit timer 0 or 

TMP96C141 /TMP96CM40/TMP96PM40 contains 2 chan- tinner 1,16-bit timer 5, to update the output, 
nels (PGO and PG1) of 4-bit hardware stepping motor control/ Th® PG controlled by control registers 

pattern generation (herein after called PG) which actuate in (PG01CR) and can select either stepping motor control mode 

synchronization with the (8-bit/16-bit) timers. The PG (PGO or pattern generation mode. Each bit of the P6 can be used as 

and PG1) are shared in 8-bit I/O ports P6. the PG port. 



P63/PG03 

(P67/PG13) 


P62/PG02 

(P66/PG12) 


P61/PG01 

(P65/PG11) 


P60/PG00 

(P64/PG10) 



Figure 3.10 (1). PG Biock Diagram 
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PG01CR 

(004EH) 


—^ 

7:6.5 

4 

3 : 2 i 1 i 0 

bit Symbol 

PAT1 ! CCW1 I PG1M 

PG1TE 

PATO I CGWO i PGOM i PGOTE 

Read/Write 

R/W 

R/W 

After reset 

0 

0 

0 

0 

0 

0 

0 0 

Function 

PG1 write 
mode 

0; 8bit 
write 

1 : 4bit 
write 

PG1 

Rotaing 

direction 

0: Normal 
rotation 

1 : Reverse 
rotation 

PG1 mode 
(excitation) 
0: lexc.tation 

or 

2exc)tatioa 
1: 1-2 

excitation 

PG1 

trigger 

input 

enable 

0: disable 

1: enable : 

PGO write 
mode 

0: 8bit 
write 

1:4bit 

write 

PGO 

Rotaing 

direction 

0: Normal 
rotation 

1: Reverse 
rotation 

PGO mode iPGO 
(excitation); trigger 

0: 1 excitation input 
or : enable 

disable 

' it: enable 

excitation; 


I \ I 


PGO Trigger input enable 


0 

Trigger input disable to PGO 

1 

Trigger input enable to PGO 

Set the operation mode of PGO 

0 

1 or 2 excitation (full step) 

1 

1 -2 excitation (half step) / PG mode 

PGO (stepping motor control) 

Rotaing direction control 

0 

Normal rotation / PG mode 

1 

Reverse rotation 

Selecting PGO write mode 

0 

8-bit write 

1 

4-bit write / PG mode 

(Only shifter alternate register can be 
written.) 


Figure 3.10 (2a). Pattern Generation Control Register (PG01CR) 
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PGOICR 

(004EH) 



7 6 

5 4 

3 i 2 i 1 

0 

bit Symbol 

PAT1 

CCW1. 

PG1M 1 PG1TE 

PATO i CCWO i PGOM 

PGOTE 

Read/Write 

R/W 

R/W 

After reset 

0 

0 

0 

0 

0 

0 

0 


Function 

PGl write 
mode 

0: 8bit 
write 

1; 4bit 
write 

PGl 

Rotaing 

direction 

0: Normal 
rotation 

1: Reverse 
rotation 

PGl mode 
(excitation) 

0: 1 excitation 

2excitation 

1: 1-2 

excitation 

PGl 

trigger 

input 

enable 

0: disable 

1: enable 

PGO write 
mode 

0: 8bit 
write 

1: 4bit 
write 

PGO 

Rotaing 

direction 

0: Normal 
rotation 
1: Reverse 
rotation 

PGO mode iPGO 
(excitation^ trigger 

0: lexcitatioic input 
or : enable 

2excitatioit. , 

. :0: disable 

: 1: enable 

excitation | 



Figure 3.10 (2b). Pattern Generation Control Register (PGOICR) 
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PGOREG 

(004CH) 



7 

6 

5 

4 

3 ; 2 I 1 I 0 

bit Symbol 

PG03 

PG02 

PG01 

PGOO 

SA03 SA02 SA01 SAOO 

Read/Write 

W 

R/W 

After reset 

0 

0 

0 

0 

Undefined 

Function 

Pattern Generation 0 (PGO) output latch register 

Shift alternate register 0 


(Reading the P6 that is set to the PG port allows to read-out.) 

For the PG mode (4-bit write) register 


Prohibit Read 

modify write Figure 3.10 (3). Pattern Generation 0 Register (PGOREG) 


PG1REG 

(004DH) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

PG13 

PG12 

PG11 

PG10 

SA13 

SA12 

SA11 

SA10 

Read/Write 

W 

R/W 

After reset 

0 

0 

0 

0 

Undefined 

Function 

Pattern Generation 1 (PG1) output latch register 
(Reading the P6 that is set to the PG port allows to read-out.) 

Shift alternate register 1 

For the PG mode (4-bit write) register 


Prohibit Read 

modify write Figure 3.10 (4). Pattern Generation 1 Register (PG1REG) 


MCU900-546 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 























TLCS-900 16-blt Microcontroller 


TMP96C081F 


T45CR 

{003AH) 



7 6.5:4 

3 : 2:1 : 0 

bit Symbol 

- 


PG1T PGOT i DB6EN j DB4EN 

Read/Write 

R/W 


R/W 

After reset 

0 


0 

0 

0 0 

Function 

Fix at "O' 

Always 
read as 

I "O' 


>G1 Shift 
rigger 

>: 8-bit timer 
trigger 
(timerO. 1) 

1; 16-bit timer 

trigger 

(timers) 

PGO Shift 
trigger 

0; 8-bit timer 

trigger 
(timerO. 1) 
1:16bit timer 
trigger 
(timer4) 

Double buffer 

0: Disable 

1: Enable 

Double i Double 
buffer of i buffer of 
TREG6 :TREG4 


Double buffer control 
0 Disable 
1 Enable 


DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 


Selecting PGO shift trigger 


0 

8-bit timer trigger (timerO, 1) 

1 

16-bit timer trigger (timer 4) 

Selecting PG1 shift trigger 

0 

8-bit timer trigger (timerO, 1) 

1 

16-bit timer trigger (timer 5) 


Write "0" to this bit, when this register is modified. 


Figure 3.10 (6). 16-bit Timer Trigger Control Register (T45CR) 
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PG 1 T 


Port60-€3 




Figure 3.1016}. Connection of Timer and Pattern Generator 


(1) Pattern Generation Mode 

PG functions as a pattern generation according to the 
settif^ of PGOICR <PAT1 >/PAT0>. In this mode, writ¬ 
ing from CPU is executed only on the shifter alternate 
register. Writing a new data should be done during the 
interrupt operation of the timer for shift trigger, and a 
pattern can be output synchronous with the timer. 


In this mode, set PGOI OR <PG0M> and <PG1 M> to 
1, and PG01CR <OCWO> and <GCW1 > to 0. 

The output of this pattern generator is output to port 6; 
since port and functions can be switched on a bit basis 
using port function control register P6FC, any port pin 
can be assigned to pattern generator output. 

Figure 3.10 (7) shows the block diagram of this mode. 


Trigger Signal from Timer 

_ri 

_n 

_TL 


JL 



1 

Writing data to SA3-00 on 1 i 

j Timer Interrupt f J, ] 

(A 

1 

i 

Shift alternate regiiter 

«-u 


n + 1 , \ 

X n^2 

it 

X n^3 

output 
'{SA03 00) 


S hrftrrtg 4ata from \ \ 
5A03-00toPG03-®0 M 

u 


tr 


Pattern Generator regnter 

ZIX 


_2_X. 

+ 1 

DC 

n + 2 


{1»G03-00} 


Example of pattern generation mode 
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Shift due to the shift trigger from timer 


Figure 3.10 (7). Pattern Generation Mode Block Diagram (PGO) 


In this pattern generation mode, only writing the output mode. Accordingly, the data shifted by trigger signal from a 

latch is disabled by hardware, but other functions do the same timer must be written before the next trigger signal is output, 
operation as 1 -2 excitation in stepping motor control port 
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(2) Stepping Motor Control Mode Figure 3.10 (8) and Figure 3.10 (9) show the output 

waveforms of 4-phase 1 excitation and 4-phase 2 

CD 4-phase 1 -Step/2-Step Excitation excitation, respectively when channel 0 (PGO) is 

selected. 


Trigger signal 
from timer 

PG00(P60) 

PGOl (P61) 

PG02 (P62) 

PG03 (P63) 

t 

Initial value PGOREG «- 0100 x x x x 

Note : bn indicates the initial value of PGOREG b7 b6 b5 b4 X X X X 
® Normal Rotation 

Trigger signal 
from timer 

PG00(P60) 

PG01 (P61) 

PG02 (P62) 

PG03 (P63) 

t 

Initial value PGOREG <- 0100 x x x x 

@ Reverse Rotation 


Figure 3.10 (8). Output Waveforms of 4-Phase 1-Step Excitation 
(Normal Rotation and Reverse Rotation) 




MCU900-550 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 






TLCS-900 16-bit Microcontroller 


TMP96C081F 



Initial value PGOREG «- 1100 x x x x 


Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 


The operation when channel 0 is selected is 
explained below. 

The output latch of PGO (also used as P6) is shifted 
at the rising edge of the trigger signal from the timer to be 
output to the port. 

The direction of shift is specified by PG01CR 
<CCW0>: Normal rotation (PGOO PG01 PG02 -> 
PG03) when <CCW0> is set to “0”; reverse rotation 
(PGOO PG01 ^ PG02 PG03) when “1 ”. Four-phase 


1 -step excitation will be selected when only one bit is set 
to “1” during the initialization of PG, while 4-phase 2-step 
excitation will be selected when two consecutive bits are 
set to “1”. 

The value in the shift alternate registers are ignored 
when the 4-phase 1 -step/2-step excitation mode is 
selected. 

Figure 3.10 (10) shows the block diagram. 



rising edge of trigger signal from 
timer. 


Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation 

(Normal Rotation) 
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(D 4-Phase 1 -2 Step Excitation Figure 3.10 (11) shows the output waveforms of 4- 

phase 1 -2 step excitation when channel 0 is selected. 


Triggersignal 
from timer 

PGOO (P60) 

PG01 (P61) 

PG02 (P62) 

PG03 (P63) 

t 

Initial value PGOREG *- 11001000 

Note; bn denotes the initial value PGOREG *- b7 b6 b5 b4 b3 b2 bl bO 

® Normal Rotation 

Trigger signal 
from timer 

PGOO (P60) 

PGOl (P61) 

PG02 (P62) 

PG03 {P63) 

t 

Initial value PGOREG *- 10001100 

(2) Reverse Rotation 


Figure 3.10 (11). Output Waveforms of 4-Phase 1 -2 Step Excitation 
(Normal Rotation and Reverse Rotation) 
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The initialization for 4-phase 1 -2 step excitation is as 
follows: 

By rearranging the initial value “b7 b6 b5 b4 b3 b2 
b1 bO” to “b7 b3 b6 b2 b5 b1 b4 bO”, the consecutive 3 
bits are set to “1 ” and other bits are set to “0” (positive 
logic). 

For example, if b7, b3, and b6 are set to “1", the ini¬ 
tial value becomes “11001000”, obtaining the output 
waveforms as shown in Figure 3.10 (11). 

To get an output waveform of negative logic, set val¬ 
ues 1 s and O’s of the initial value should be inverted. For 


example, to change the output waveform shown in Fig¬ 
ure 3.10 (11) into negative logic, change the initial value 
to “00110111”. 

The operation will be explained below for channel 0. 

The output latch of PGO (shared by P6) and the 
shifter alternate register (SAO) for Pattern Generation are 
shifted at the rising edge of trigger signal from the timer 
to be output to the port. The direction of shift is set by 
PG01CR <CCW0>. 

Figure 3.10 (12) shows the block diagram. 


PGO Output 



edge of trigger signal from the timer. 


Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive channel 0 (PGO) by 4-phase 1-2 
step excitation (normal rotation) when 


timer 0 is selected, set each register as follows: 




7 

6 

5 

4 

3 

2 

1 0 


TRUN 

<— 

- 

X 

- 

- 

- 

- 

- 0 

stop timer 0, and clears it to zero. 

TMOD 

<- 

0 

0 

X 

X 

- 

- 

0 1 

Set 8-bit timer mode and selects 0T1 as the Input clock of timer 0. 

TFFCR 

<- 

X 

X 

X 

0 

1 

0 

1 0 

Clear TFF1 to zero and enables the inversion trigger by timer 0. 

TREGO 

<- 

* 

* 

* 

* 

* 

* 

* * 

Set the cycle in timer register. 

P6CR 

<- 

- 

- 

- 

- 

1 

1 

1 1 

Set P60 ~ P63 bits to the output mode. 

P6FC 

<- 

- 

- 

- 

- 

1 

1 

1 1 

SetP60~P63bitstothe PG output. 

PG01CR 

<- 

- 

- 

- 

- 

0 

0 

1 1 

Select PGO 4-phase 1-2 step excitation mode and normal rotation. 

P60REG 

<- 

1 

1 

0 

0 

1 

0 

0 0 

Set an initial value. 

TRUN 1 

Note: x; don’t care 

X 

no change 

~ 


- 1 

Start timer 0. 


(3) Trigger Signal From Timer not equal to the trigger signal of timer flip-flop (TFF1, 

TFF4, TFF5, and TFF6) and differs as shown in Table 

The trigger signal from the timer which is used by PG is 3.10 (1) depending on the operation mode of the timer. 


Table 3.10 (1) Select of Trigger Signal 



TFF1 Inversion 

PG Shift 

8-bit timer mode 

Selected by TFFCR <TFF1 IS> when the up-counter value matches 
TREGO or TREG1 value. 


16-bit timer mode 

When the up-counter value matches with both TREGO and TREG1 
values. (The value of up-counter = TREGr2® + TREGO) 


PPG output mode 

When the up-counter value matches with both TREGO and TREG1. 

When the up-counter value matches TREG1 value (PPG cycle). 

PWM output mode 

When the up-counter value matches TREGO value and PWM cycle. 

Trigger signal for PG is not generated. 


Note: To shift PG, TFFCR <TFF1 IE> must be set to “1" to enable TFF1 inversion. 


Channel 1 of PG can be synchronized with the 16-bit 
timer Timer 4/Timer 5. In this case, the PG shift trigger 
signal from the 16-bit timer is output only when the up- 
counter UC4/UC5 value matches TREG5^REG7. 
When using a trigger signal from Timer 4, set either 


T4FFCR <EQ5T4> or T4MOD <EQ5T5> to “1 ” and a 
trigger is generated when the value in UC4 and the 
value in TREG5 match. When using a trigger signal 
from Timer 5, set T5FFCR <EQ7T6> to 1. Generates a 
trigger when the value in UC5 and the value in TREG7 
match. 
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(4) Application of PG and Timer Output 

As explained in “Trigger signal from timer”, the timing 
to shift PG and invert TFF differs depending on the 
mode of timer. An application to operate PG while 
operating an 8-bit timer in PPG mode will be explained 
below. 


To drive a stepping motor, in addition to the value of 
each phase (PG output), synchronizing signal is often 
required at the timing when excitation is changed over. 
In this application, port 6 is used as a stepping motor 
control port to output a synchronizing signal to the 
T01 pin (shared by P71). 


T01 (P71) 
PGOO (P60) 
PG01 (P61) 
PG02 (P62) 

PG03 (P63) 



-I K 

TREGO 


JL 


J1_T 


■L 

r 


Figure 3.10 (13). Output Waveforms of 4-Phase 1-Step Excitation 


Setting example: 




7 

6 

5 

4 

3 

2 

1 

0 

TRUN 

<r- 

- 

X 

- 

- 

- 

- 

0 

0 

TMOD 

<- 

1 

0 

X 

X 

X 

X 

0 

1 

TFFCR 

<- 

X 

X 

X 

0 

0 

1 

1 

X 

TREGO 

<- 

* 

* 

* 

* 

* 

* 

* 

* 

TREG1 

<— 

* 

* 

* 

* 

* 

* 

* 

* 

P7CR 

<r- 

X 

X 

X 

X 

- 

- 

1 

- 

P7FC 

<— 

X 

X 

X 

X 

- 

- 

1 

X 

P6CR 

<- 

- 

- 

_ 

- 

1 

1 

1 

1 

P6FC 

«- 

- 

- 

- 

- 

1 

1 

1 

1 

PG01CR 

<- 

- 

- 

- 

- 

0 

0 

0 

1 

PGOREG 

<- 

* 

* 

* 

* 

* 

* 

* 

* 

TRUN 


1 

X 

- 

- 

- 

- 

1 

1 

Note: x; don’t care 


no change 






Stop timer 0, and clears it to zero. 

Set timer 0 and timer 1 in PPG output mode and selects ^71 as the input clock. 
Enable TFF1 inversion and sets TFF1 to “1”. 

Set the duty of T01 to TREGO. 

Set the cycle ofTOI toTREGI. 

) Assign P71 asTOT 

) Assign P60 - 63 as PGO. 

Set PGO in 4-phase 1-step excitation mode. 

Setan initial value. 

Start timer 0 and timer 1. 
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3.11 Serial Channel as well as for I/O extension. 

TMP96C141 /TMP96CM40/TMP96PM40 contains two serial I/ The serial channel has the following operation modes: 

O channels for full duplex asynchronous transmission (DART) 


r— • I/O interface mode - 

— Mode 0: 

To transmit and receive I/O data as well as 

(channel 1 only) 


the synchronizing signal SCLK for extending I/O. 


— Mode 1: 

7-bit data 

— • Asynchronous transmission - 

— Mode 2: 

8-bit data 

(UART) mode (channel 0 and 1) 

— Mode 3: 

9-bit data 


In mode 1 and mode 2, a parity bit can be added. Mode Figure 3.11 (1) shows the data format (for one frame) in 

3 has wake-up function for making the master controller start each mode, 
slave controllers in serial link (multi-controller system). 

• Mode 0 (I/O interface mode) 



— Transfer direction 


• Mode 1 (7-bit UART mode) 



• Mode 2 (8-bit UART mode) 



• Mode 3 (9-bit UART mode) 



When bit 8 = 1, address (select code) is denoted. 
When bit 8 = 0, data is denoted. 


Figure 3.11 (1). Data Formats 
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The serial channel has a buffer register for transmitting 
and receiving operations, in order to temporarily store trans¬ 
mitted or received data, so that transmitting and receiving 
operations can be done independently (full duplex). 

However, in I/O interface mode, SCLK (serial clock) pin is 
used for both transmission and receiving, the channel 
becomes half-duplex. 

The receiving data register is of a double buffer structure 
to prevent the occurrence of overrun error and provides one 
frame of margin before CPU reads the received data. The 
receiving data register stores the already received data while 
the buffer register receives the next frame data. 

By using GTS and RTS (there is no RTS pin, so any one 
port must be controlled by software), it is possible to halt data 
send until CPU finishes reading receive data every time a frame 
is received (Handshake function). 

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 


detected to be normal at least twice in three samplings. 

When the transmission buffer becomes empty and 
requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, or framing error occurs 
during receiving operation, flag SCOCfVsCI CR <OERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen¬ 
erator, which can set any baud rate by dividing the frequency 
of four clocks (0TO, 0T2, 0T8, and ^T32) from the internal pres¬ 
caler (shared by 8-bit/16-bit timer) by the value 2 to 16. 

In I/O interface mode, it is possible to input synchronous 
signals as well as to transmit or receive data by external clock. 

3.11.1 Control Registers 

The serial channel is controlled by three control registers 
SCOCR, SCOMOD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 
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SCOMOD 

{0052H) 



7 

6 

5 

4 ; 3 i 2 

1 0 

bit Symbol 

TB08 

CTSEO 

RXEO 

WUO i SM01 i SMOO 

SC01 i scoo 

Read/Write 

____I 

After reset 

0 

0 

0 

0 i 0 : 0 

0 0 

Function 

Transfer 

data 

8it8 

Hand 

shake 

0; CTS 

disable 

1 ; CTS 
enable ! 

Receiving 

Function 

0: Receive 
disable 

1: Receive 
enable 

Wake up jSerial transmission 
Function imode 

iOO: Can not be used 

0: disable jOI : 7-bit UART 

1: Enable i'O: 8-bit UART 
il 1: 9-bit UART 

Serial transmission 
clock (UART) 

00: TOO Trigger 

01: baud rate 
generator 

10: Internal clock (t>1 

11: don't care 


1. i .1._ 1 1 . .1 


• Serial transmission clock (UART) 


00 Timer 0 match detect signal 


01 

Baud rate generator 

10 

Internal clock <t>1 

11 

don't care 

Serial transmission mode 

00 

Can not be used 

01 

i 7-bit length 

10 

UART i 8-bit length 

11 

: 9-bit length 


• Wake-up Function 



9-bit UART 

Other mode 

0 

Interrupt when 
data are received 

don't care 

1 

Interrupt only 
when RB8 = 1 


• Receiving Function 


0 Receive Disable 


Receive Enable 


■ Hand shake function (CTS Pin) enable 


0 Disable (always Transferable) 
1 Enable 


- Transmission data bit 8 


Note: ThereisSClMOD(56H)inChannell 


Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD) 
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SCOCR 
(0051H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

RB08 

EVENO 

PEO 

OERRO 

PERRO 

FERRO 

SCLKO 

loco 

Read/Write 

R 

RAA/ 

R (cleared to Zero when read) 

RW 

After reset 


0 

0 

0 

0 0 

0 

0 

Function 

Received 

data 

Bits 

Parity 

0; Odd 

1:Even 

Parity 

addition 

0: Disable 

1: Enable 

1: error 

0: SCLKO 

C_r) 

1: SCLKO 

C-i-) 

0: 

Baud Rate 

Generator 

1:SCLKO 
Pin input 

Overrun 

Parity 

Framing 


J_ I . I _L---_I_,_I_,_ I _,_I 


IT Select I/O interface input clock (Not»i) 


0 

Baud rate generater 

1 

SCLKO Pin input 


Edge selection in SCLK pin input mode 


0 

Transmits and receives ( ) 

data at raise edge of SCLK 

1 

Transmits and receives ( ) 

data at fall edge of SCLK 


‘Framing error flag 
■Parity error flag 
"Overrun error flag 


Enable parity addition 


0 

Prohibition (disable) 

1 

Permission (enable) 


Addition / check of even parity 


0 

Odd parity 

1 

Even parity 


Receving data bits 


} CI eared to Zero 
when read. 


Note : As all error flags are cleared after reading do not test only a single bit with a bit¬ 
testing instruction. 


Figure 3.11 (3). Serial Control Register (Channel, SCOCR) 
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BROCR 



7 

6 

5 4 

3 i 2 ; 1 i 0 

bit Symbol 

— 


BROCK1 i BROCKO 

BR0S3 I BR0S2 j BR0S1 j BROSO 

Read/Write 



R/W I 

After reset 

0 


0 0 

o 

o 

o 

o 

Function 

Fix at "0" 


00: ^T0(fc/4) 

01: ^T2(fc/16) 

10: ^T8(fc/64) 

11: ^T32 (fc/256) 

Setting of the Divided frequency 


c 


Selecting the input clock of 
baud rate generator 


Setting of the divided frequency 
of baud rate generator 


0000 

16 divisions 

0001 

Don't set 

0010 

2 to 15 divisions 

1111 



00 

Internal clock ^TO {fc/4) 

01 

Internal clock ^T2 (fc/16) 

10 

Internal clock ^T8 (fc/64) 

11 

Internal clock ^T32 (fc/256) 


Note: 


As all error flags are cleared after reading, do not test only a single bit with a bit-testing 
instruction. 


Figure 3.11 (4). Serial Channel Control (Channel 0, BROCR) 


SCOBUF 

(50H) 


7 

6 

5 

4 

3 

2 

1 

0 

TB07 

TB06 

TB05 

TB04 

TB03 

TB02 

TBOl 

TBOO 

7 

6 

5 

4 

3 

2 

1 

0 

RB07 

RB06 

RB05 

RB04i 

RB03i 

RB02 

RB01 

RBOO 


(Transmission) 


(Receiving) 


Note : When setting the serial transfer mode to “9-bit length UART mode”, transfer data ‘TB08” 
is written to bit? of SCOMOD register, and received data “RB08” is read from bit? of 
SOCR register. 


Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF) 
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7 6 

5 

4 

3 2 

1 0 

bit Symbol 

TB18 : — 

RXE1 

WU1 

SM11 : SM10 

sen i SC10 

Read/Write 

_ ^ _ 1 

After reset 

0 

0 

0 

0 

0 0 

O 

o 

Function 

Transfered 

data 

Bite 

Fix at "0“ 

Receiving 

Function 

0: Receive 

disable 

1: Receive 

Enable 

Wake up 
Function 

0: disable 

1: enable 

Serial Transmission 

mode 

aO: I/O interface 

mode 

01: 7-Bit UART 

10: 8-Blt UART 

11: 9-Bit UART 

Serial Transmission 
clock (UART) 

00: TOO Trigger 

01: Baud rate 

generator 

10: Internal clock 4>1 

11: don't care 


I_,_I I_ 1.1 _L 


I—Serial transmission clock (For UART) 


00 

Timer 0 match detect signal 

01 

Baud rate generator 

10 

Internal clock <l>1 

11 

don't care 


Note: The clock selection for the I/O interface 
mode is controlled by the serial control 
register (SCICR). 


Serial transmission mode 


00 

I/O interface mode | 

01 

UART mode 

7-Bit length 

10 

8-Bit length 

11 

9-Bit length 


Wake up Function 



9.Bit UART 

other mode 

0 

Interrupt when 



data are received 

don't care 

1 

Interrupt only 



when RB8 = 1 



Receiving control 


0 

Receive disable 

1 

Receive enable 


Transmission data bit 8 


Figure 3.11 (6). Serial Mode Control Register (Channel 1, SCI MOD) 
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sc ICR 
(0055H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

RB18 

EVEN1 

PEI 

OERR1 

PERR1 

FERR1 

SCLKl 

IOC1 

Read/Write 

R 

R/W 

R (clear to Zero when read) 

R/W 1 

After reset 


0 

0 

0 

0 

0 

0 

0 

Function 

Received 

data 
Bits ^ 

Parity 

0: Odd 

1:Even 

Parity 

addition 

1: error 

0: SCLKl 

C_r) 

1: SCLKl 

C-L) 

0: 

Baud rate 

generator 

1: SCLKl 
Pin input 

1: Enable 

Overrun 

Parity 

Framing 


IT 


Select I/O interface input clock (Notei) 


0 Baud rate generate 
1 SCLKl Pin input 


Notei : For channel 0, fix this bit to "0" 


Edge selection in SCLK pin input mode 


Transmits and receives ( _f ) 

data at raise edge of SCLK 


Transmits and receives ( ) 

data at fall edge of SCLK 


Framing error flag 
Parity error flag 
Overrun error flag 

Enable parity addition 


} 


Cleared to Zero 
when read 


0 Disable 
1 Enable 


Addition / check of even parity 


0 Odd Parity 
1 Even Parity 


Receiving data bits 


Note : As all error flags are cleared after reading, do not test only a single bit with a bit¬ 
testing instruction. 


Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR) 
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BRICR 

(0057H) 



7 

6 

5 4 

3 ; 2 i 1 i 0 

bit Symbol 

— 


BR1CK1 i BR1CK0 

BR1S3 i BR1S2 ! BR1S1 j BR1S0 

Read/Write 



RW 1 

After reset 

0 


0 0 

O 

o 

o 

o 

Function 

Fix at “0" 


00: ^T0(fc/4) 

01: ^T2(fc/16) 

10: ^T8(fc/64) 

11: ^T32(fc/256) 

Setting of the Divided frequency 


i: 


Setting of the divided frequency of baud rate 
generator 


0000 

16 divided 

0001 

Don't set 

0010 


1 

2 to 5 divisions 

1111 



Selecting the input clock of baud rate generator 


00 

Internal clock ^TO (fc/4) 

01 

Internal clock ^T2 (fc/16) 

10 

Internal clock ^T8 (fc/64) 

11 

Internal clock ^T32 (fc/256) 


Note ; To use baud rate generator, setTRUN <PRRUN> to “1”, putting the prescaler in RUN 
mode. 


Figure 3.11 (8). Baud Rate Generator Control Register (Channel 0, BROCR) 


SC1BUF 

(0054H) 


7 

6 

5 

4 

3 

2 

1 

0 

TB17 

TB16 

TB15 

TB14 

TB13 

TB12 

TBII 

TB10 

7 

6 

5 

4 

3 

2 

1 

0 

RB17: 

RBiei 

RB15 

RB14 

RB13 

RB12: 

RB11 

RB10 


(Transmission) 


Note : When setting the serial transfer mode to “9-bit length UART mode”, transfer data ‘TB18” is 
written to bit? of SCIMOD register, and received data “RB18” is read from bit? of SCICR 
register. 


Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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P9FC , 
(001DH) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 



P95F 


P93F 

P92F 


P90F 

Read/Write 



W 


W 

W 


W 




0 


0 

0 


0 




0:PORT i 
l-.SCLKI ; 


0: PORT 

1:TxD1 

0: PORT 

1:SCLK0 


0: PORT 

1:TxD0 


Prohibit Read 
modify write 




Setting P90 as TxDO output 


0 Port output 
1 TxDO (channel 0) output 


Setting P93 as TxPI output 


0 Port output 
1 TxDI (channel!) output 


Setting P95 as SCLK output 


Port output 

SCLK! (channel 1) output 


Figure 3.11 (10). Port 9 Function Register (P9FC) 



Port 3.11 (11). Port 9 Open Drain Enable Register (ODE) 
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3.11.2 Configuration 

Figure 3.11 (12) shows the block diagram of the serial channel 0. 



Figure 3.11 (12). Block Diagram of the Serial Channel 0 
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Figure 3.11 (13) shows the block diagram of the serial channel 1. 



Figure 3.11 (13). Block Diagram of the Serial Channel 1 
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® Baud Rate Generator 

Baud rate generator comprises a circuit that generates 
transmission and receiving clocks to determine the 
transfer rate of the serial channel. 

The input clock to the baud rate generator, 0TO (fc/4), 
0T2 (fc/16), 0T8 (fc/64), or 0T32 (fc/256) is generated 
by the 9-bit prescaler which is shared by the timers. 


One of these input clocks is selected by the baud rate 
generator control register BR0CR/BR1CR <BR0CK1, 
0/BR1CK1,0>. 

The baud rate generator includes a 4-bit frequency 
divider, which divides frequency by 2 to 16 values to 
determine the transfer rate. 

How to calculate a transfer rate when the baud rate 
generator is used is explained below. 


• UART mode 
Transfer rate = 


• I/O interface mode 
Transfer rate = 


Input clock of baud rate generator 
Frequency divisor of baud rate generator 

Input clock of baud rate generator 
Frequency divisor of baud rate generator 


The relation between the input clock and the source clock (fc) is as follows: 

0TO = fc/4 
0T2= fc/16 
0T8= fc/64 
0T32 = fc/256 

Accordingly, when source clock fc is 12.288 MHz, input clock is 0T2 (fc/16), and frequency divisor Is 5, the transfer rate 
in UART mode becomes as follows: 

Transfer rate = fc/16 .|0 

5 

= 12.288 X 10®/16/5/16 = 9600 (bps) 


Table 3.11 (1) shows an example of the transfer rate in UART mode. 

Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.11 (2) shows an example of baud rate using 
timer 0. 

Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) 


Unit (kbps) 


fc [Mhz] 

input Clock 

Frequency^\^ 

Divisor 

0TO 

(fc/4) 

0T2 

(fc/16) 

0T8 

(fc/64) 

0T32 

(fc/256) 

9.830400 

2 

76.800 

19.200 

4.800 

1.200 

T 

4 

38.400 

9.600 

2.400 

0.600 

T 

8 

19.200 

4.800 

1.200 

0.300 

T 

0 

9.600 

2.400 

0.600 

0.150 

12.288000 

5 

38.400 

9.600 

2.400 

0.600 

T 

A 

19.200 

4.800 

1.200 

0.300 

14.745600 

3 

76.800 

19.200 

4.800 

1.200 

T 

6 

38.400 

9.600 

2.400 

0.600 

T 

C 

19.200 

4.800 

1.200 

0.300 


Note: Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table. 
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Table 3.11 (2) Selection of Transfer Rate (1) (When Timer 0 (Input Clock 0T1) is Used) 


Unit (Kbps) 


fc 

TREGO 

12.288IVIHZ 

12iVIHz 

9.8304MHz 

8MHz 

6.144MHz 

1H 

96 


76.8 

62.5 

48 

2H 

48 


38.4 

31.25 

24 

3H 

32 

31.25 



16 

4H 

24 


19.2 


12 

5H 

19.2 




9.6 

8H 

12 


9.6 


6 

AH 

9.6 




4.8 

10H 

6 


4.8 


3 

14H 

4.8 




2.4 


How to calculate the transfer rate (when timer 0 is used): 

Transfer rate = fc 

TREG0x8x16 

^-(When timer 0 (input clock 0T1) is used) 

Input clock of timer 0 
0T1 = 

0T4= ^732 
0T16= ^7128 

Note: Timer 0 match detect signal cannot be used as the transfer clock in I/O interface mode. 


(D Serial Clock Generation Circuit 

This circuit generates the basic clock for transmitting 
and receiving data. 

1) I/O interface mode (channel 1 only) 

When in SCLK output mode with the set¬ 
ting of SC1CR <IOC> = “0", the basic clock 
will be generated by dividing by 2 the output 
of the baud rate generator as described 
before. When in SCLK input mode with the 
setting of SC1CR <iOC> = “1", the rising 
edge or falling edge will be detected accord¬ 
ing to the setting of SC1 CR <SCLKC> regis¬ 
ter to generate the basic clock. 

2) Asynchronous Communication (UART) mode 

According to the setting of SCOCR and 
SC1CR <SC1,0>, the above baud rate gen¬ 
erator clock, internal clock (^1 (500 Kbps @ fc 
= 16 MHz), or the match detect signal from 
timer 0 wiii be seiected to generate the basic 
clock SIOCLK. 


(D Receiving Counter 

The receiving counter is a 4-bit binary counter used in 
asynchronous communication (UART) mode and 
counts up by SIOCLK clock. Sixteen pulses of SIOCLK 
are used for receiving one bit of data, and the data bit 
is sampled three times at 7th, 8th and 9th clock. 

With the three samples, the received data is evaluated 
by the rule of majority. 

For example, if the sampled data bit is “1", “0” and “1 ” 
at 7th, 8th and 9th clock respectively, the received data 
is evaluated as “1”. The sampled data “0", “0” and “1” 
is evaluated that the received data is “0”. 

® Receiving Control 

1) I/O interface mode (channel 1 only) 

When in SCLK1 output mode with the 
setting of SC1CR <IOC> = “0", RxD1 signal 
will be sampled at the rising edge of shift 
clock which is output to SCLK pin. 

When in SCLK input mode with the set¬ 
ting SC1CR <IOC> = “1", RxD1 signal will be 
sampled at the rising edge or falling edge of 
SCLK input according to the setting of 
SC1 CR <SCLKS> register. 


MCU900-568 
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2) Asynchronous Communication (DART) mode 

The receiving control has a circuit for 
detecting the start bit by the rule of majority. 
When two or more “0” are detected during 3 
samples, it is recognized as start bit and the 
receiving operation is started. 

Data being received is also evaluated by 
the rule of majority. 

(D Receiving Buffer 

To prevent overrun error, the receiving buffer has a 
double buffer structure. 

Received data is stored one bit by one bit in the receiv¬ 
ing buffer 1 (shift register type). When 7 bits or 8 bits of 
data are stored in the receiving buffer 1, the stored 
data is transferred to another receiving buffer 2 
(SC0BUF/SC1BUF), generating an interrupt INTRXO/ 
INTRX1. The CPU reads only receiving buffer 2 
(SC0BUF/SC1 BUF). Even before the CPU reads the 
receiving buffer 2 (SC0BUF/SC1 BUF), the received 
data can be stored in the receiving buffer 1. However, 


unless the receiving buffer 2 (SC0BUF/SC1 BUF) is 
read before all bits of the next data are received by the 
receiving buffer 1, an overrun error occurs. If an over¬ 
run error occurs, the contents of the receiving buffer 1 
will be lost, although the contents of the receiving 
buffer 2 and SCOCR <RB8> SC1CR <RB8> are still 
preserved. 

The parity bit added in 8-bit UART mode and the most 
significant bit (MSB) in 9-bit UART mode are stored in 
SCOCR <RB8>/SC1CR <RB8>. 

When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1 MOD <WU> to “1", and interrupt INTRXO/ 
INTRX1 occurs only when SCOCR <RB8>/SC1CR 
<RB8> is set to “1 ”. 

© Transmission Counter 

Transmission counter is a 4-bit binary counter which is 
used in asynchronous communication (UART) mode 
and, like a receiving counter, counts by SIOCLK clock, 
generating TxDCLK every 16 clock pulses. 



Figure 3.11 (14). Generation of Transmission Clock 


® Transmission Controller 

1) I/O interface mode (channel 1 only) 

In SCLK output mode with the setting of SC1 CR 
<IOC> = “0", the data in the transmission buffer are 
output bit by bit to TxD1 pin at the rising edge of shift 
clock which is output from SCLK1 pin. 
in SCLK input mode with the setting SC1 CR <IOC> = 
“1", the data in the transmission buffer are output bit 


by bit to TxD1 pin at the rising edge or falling edge of 
SCLK input according to the setting of SC1 CR 
<SCLKC> register. 

2) Asynchronous Communication (UART) mode 

When transmission data is written in the transmission 
buffer sent from the CPU, transmission starts at the ris¬ 
ing edge of the next TxDCLK, generating a transmis¬ 
sion shift clock TxDSFT. 
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Handshake function 


Serial channel 0 has a CTSO pin. Using this pin, data 
can be sent in units of one frame; thus, overrun errors 
can be avoided. The handshake function is enabled/ 
disabled by SCOMOD <CTSE>. 

When the CTSO pin goes high, after completio n of the 
current data send, data send is halted until the CTSO 
pin goes low again. The INTTXO Interrupts are gener¬ 


ated, requests the next send data to the CPU. 

Though there is no RTS pin, a handshake function can 
be e asily configure d by setting any port assigned to the 
RTS function. The RTS should be output “High” to 
request data send halt after data receive is completed 
by a software in the RXD interrupt routine. 


96C081 96C081 


TxD 


RxD 


as 


^ (any port) 



Sender Receiver 


Figure 3.11 (15). Handshake Function 


Timing to write 
transmission buffer 


CTS 


-TU^ 


JlSend is 
from (1 


SIOCLK 

TxDCLK 


suspendedTN i ■ . if )— ' ' 

(1)10(2). 4) 

13 14 15 16 1 2 3 14 15 16 1 2 3 

i^lLJUULJLJL^ 


JL 


JL 


TxD 


“ \ start bit » 


/ bit 0 


Note 1: If the CTS signal falls during transmission, the next data i s not sent after the completion of the current transmission. 
Note 2: Transmission starts at the first TxDCLK clock fall after the CTS signal falls. 

Figure 3.11 (16). Timing of CTS (Clear to Send) 


MCU900-570 
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® Transmission Buffer 

Transmission buffer (SC0BUF/SC1BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order, using transmis¬ 
sion shift clock TxDSFT which is generated by the 
transmission control. When all bits are shifted out, the 
transmission buffer becomes empty and generates 
INTTX0/INTTX1 interrupt. 

(D Parity Control Circuit 

When serial channel control register SCOCR <PE>/ 
SC1CR <PE> is set to “1", it is possible to transmit 
and receive data with parity. However, parity can be 
added only in 7-bit UART or 8-bit UART mode. With 
SCOCR <EVEN>/SC1CR <EVEN> register, even (odd) 
parity can be selected. 

For transmission, parity is automatically generated 
according to the data written in the transmission buffer 
SCBUF, and data are transmitted after being stored in 
SCOBUF <TB7>/SC1 BUF <TB7> when in 7-bit UART 
mode while in SCMOD <TB8>/SCMOD <TB8> when 
in 8-bit UART mode. <PE> and <EVEN> must be set 
before transmission data are written in the transmis¬ 
sion buffer. 

For receiving, data is shifted in the receiving buffer 1, 
and parity is added after the data is transferred in the 
receiving buffer 2 (SC0BUF/SC1 BUF), and then com¬ 
pared with SCOBUF <RB7>/SC1 BUF <RB7> when in 


7-bit UART mode and with SCOMOD <RB8>/ 

SC1 MOD <RB8> when in 8-bit UART mode. If they 
are not equal, a parity error occurs, and SCOCR 
<PERR>/SC1 CR <PERR> flag is set 

® Error Flag 

Three error flags are provided to increase the reliability 
of receiving data. 

1. Overrun error <OERR> 

If all bits of the next data are received in 
receiving buffer 1 while valid data is stored in 
receiving buffer 2 (SCBUF), an overrun error 
will occur. 

2. Parity error <PERR> 

The parity generated for the data shifted 
in receiving buffer 2 (SCBUF) is compared 
with the parity bit received from RxD pin. If 
they are not equal, a parity error occurs. 

3. Framing error <FERR> 

The stop bit of received data is sampled 
three times around the center. If the majority 
is “0", a framing error occurs. 


® Generating Timing 


1) UART mode 

Receiving 




Interrupt timing 

PrQminn orrnr fiminn 

9 Bit 

Center of last bit (Bit 8) 

8 Bit + Parity 

Center of last bit (parity bit) 

8 Bit, 7 Bit + Parity, 7 Bit 

Center of stop bit 

Ponfor nf ofnn hlf 

ridiMitiy giiui uiiiiiiy 

Parity error timing 

Center of last bit (Bit 8) 

Center of last bit (parity bit) 

Uul llvl Ul OlUp Ull 

Center of stop bit 

Overrun error timing 

Center of last bit (Bit 8) 

Center of last bit (parity bit) 

Center of stop bit 


Note: Framing error occurs after an interrupt has occurred. Therefore, to check for framing error during interrupt operation, it is necessary 
to wait for 1 bit period of transfer rate. 



Transmitting 



9 Bit 

8 Bit + Parity 

8 Bit, 7 Bit + Parity, 7 Bit 

Interrupt timing 

Just before last bit is transmitted. 

<r- 

<r- 
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2) I/O Interface mode 


Transmission interrupt timing 

SCLK output mode 

Immediately after rise of last SCLK signal. (See figure 3.11 (19)) 

SCLK input mode 

Immediately after rise of last SCLK signal (rising mode), or immediately after fall in falling mode. 

(See Figure 3.11(20)) 

Receiving interrupt timing 

SCLK output mode 

Timing used to transfer received data to data receive buffer 2 (SCIBUF); that is, immediately after 
last SCLK. (See Figure 3.11 (21)) 

SCLK input mode 

Timing used to transfer received data to data receive buffer 2 (SCIBUF); that is, immediately after 
SCLK. (See Figure 3.11 (22)) 


3.11.3 Operational Description 

(1) Mode 0 (I/O interface mode) 

This mode is used to increase the number of I/O pins 


for transmitting or receiving data to or from the external 
shifter register. 

This mode includes SCLK output mode to output syn¬ 
chronous clock SCLK and SCLK input mode to input 
external synchronous clock SCLK. 


Output 

extension 


Input 

extension 



TC74HC595or TC74HC165or 

the like the like 


Figure 3.11 (17). Example of SCLK Output Mode Connection 



Figure 3.11 (18). Example of SCLK Input Mode Connection 
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® Transmission time the CPU writes data in the transmission buffer. When 

all data is output, INTES1 <ITX1 C> will be set to generate 
In SCLK output mode, 8-bit data and synchronous clock INTTX1 interrupt, 

are output from TxD pin and SCLK pin, respectively, each 


Timing to write fl 
transmission ——i 


data 

SCLK output 



TxD 


TXDSFT 


A bitO X bit 1 


A bit 6 

X bit? 

"X 

_n_ 


_n_ 

Jl_ 

Jl_ 


ITX1C (INTTX1_ 
interrupt reque^ 


Figure 3.11 (19). Transmitting Operation in I/O Interface Mode (SCLK Output Mode) 


In SCLK output mode, 8-bit data are output from TxD1 
pin when SCLK input becomes active while data are 
written in the transmission buffer by CPU. 


When all data are output, INTES1 <ITXIC> will be set 
to generate INTTX1 interrupt. 


SCLKinput 

(SCLKC = 0: Rising edge mode) 


SCLKinput 

(SCLKC= 1: Falling edge mode) 



TxD 

X bito X“ 

biti X\\ bits 

X bite 

ITbrtTX t: 

TxDSFT _ 

_TL 

__ 

Jl_ 

Jl_ 


ITX1C (INTTX1--- 

interrupt request) 


Figure 3.11 (20). Transmitting Operation in I/O Interface Mode (SCLK Input Mode) 
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( 2 ) Receiving 

in SCLK output mode, synchronous clock is output 
from SCLK pin and the data is shifted in the receiving 
buffer 1 whenever the receive interrupt flag INTES1 


<IRX1C> is cleared by reading the received data. 
When 8-bit data are received, the data will be trans¬ 
ferred in the receiving buffer 2 (SC1BUF) at the timing 
shown below, and INTES1 <IRX1C> will be set again 
to generate INTRX1 interrupt. 


IRX1C 


SCLK 
RxD 

Timing to shift data in 
the receiving buffer 2 



X T bits y bit? Y ' 
Generate 

_ INTRX1 7 1 


Figure 3.11 (21). Receiving Operation in I/O Interface Mode (SCLK Output Mode) 


In SCLK input mode, the data is shifted in the receiving 
buffer 1 when SCLK input becomes active, while the 
receive interrupt flag INTES1 <IRX1 C> is cleared by read¬ 
ing the received data. When 8-bit data is received, the 


data will be shifted in the receiving buffer 2 (SC1 BUF) at 
the timing shown below, and INTES1 <IRX1 C> will be set 
again to generate INTRX interrupt. 


SCLK input 

{SCLKC = 0: Rising edge mode) 


SCLK input - 

(SCLKC = 1: Falling edge mode) 


RxD 


Timing to shift data 
in the receiving 
buffer 2 



bit 0 


xigro€^lz)c 


bit 6 X bif 7 

Generate ^ 
INTRX1 


y 

n 


Figure 3.11 (22). Receiving Operation in I/O Interface Mode (SCLK Input Mode) 


Note: For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = “1 ”) 
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(2) Mode 1 {7-bit UART Mode) 

The 7-bit mode can be set by setting serial channel 
mode register SCOMOD <SM01,00>/SC1 MOD 
<SM11,10> to “01”. 

In this mode, a parity bit can be added, and the addi¬ 
tion of a parity bit can be enabled or disabled by serial 
channel control register SCOCR <PE>/SC1CR <PE>, 


and even parity or odd parity is selected by SCOCR 
<EVEN>/SC1CR <EVEN> when <PE> is set to “1” 
(enable). 

Setting example: When transmitting data with the 
following format, the control 
registers should be set as described 
below. Channel 0 is explained here. 



Direction of transmission (transmission rate: 9600 bps @ fc= 12.288 MHz) 




7 

6 

5 

4 

3 

2 

1 

0 


P9CR 

<— 

X 

X 

- 

- 

- 

- 

- 

1 

) Select P90 as the TxD pin. 

P9FC 

<- 

X 

X 

- 

X 

- 

X 

X 

1 

SCOMOD 

4- 

X 

0 

- 

X 

0 

1 

0 

1 

Set 7-bit UART mode. 

SCOCR 

<— 

X 

1 

1 

X 

X 

X 

0 

0 

Add an even parity. 

BROCR 

<r- 

0 

X 

1 

0 

0 

1 

0 

1 

Set transfer rate at 2400 bps. 

TRUN 

<r- 

1 

X 

- 

- 

- 

- 

- 

- 

Start the prescaler for the baud rate generator. 

INTESO 

4- 

1 

1 

0 

0 

- 

- 

- 

- 

Enable INTTXO interrupt and sets interrupt level 4. 

SCOBUF ^ * 

^Jote: x; don’t care 

no change 





* 

Set data for transmission. 


(3) Mode 2 (8-bit UART Mode) 

The 8-bit UART mode can be specified by setting 
SCOMOD <SM01,00>/SC1 MOD <SM11,10> to “10”. 
In this mode, parity bit can be added, the addition of a 
parity bit is enabled or disabled by SCOCR <PE>/ 


SCI CR <PE>, and even parity or odd parity is selected 
by SCOCR <EVEN>/SC1CR <EVEN> when <PE> is 
set to “1” (enable). 

Setting example: When receiving data with the 

following format, the control register 
should be set as described below. 



Direction of transmission (transmission rate: 9600 bps @fc = 12.288 MHz) 
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Main setting 


7 

6 

5 

4 

3 

2 

1 

0 


P9CR 

<- 

X 

X 

- 

- 

- 

- 

0 

- 

Select P91 (RxD) as the input pin. 

SCOMOD 

<- 

- 

0 

1 

X 

1 

0 

0 

1 

Enable receiving in 8-bit UART mode. 

SCOCR 

<- 

X 

0 

1 

X 

X 

X 

0 

0 

Add an odd parity. 

BROCR 

<- 

0 

X 

0 

1 

0 

1 

0 

1 

Set transfer rate at 9600 bps. 

TRUN 

4 _ 

1 

X 

- 


- 

- 

- 

- 

Start the prescaler for the baud rate generator. 

INTESO 

<— 

- 

- 

- 

- 

1 

1 

0 

0 

Enable INTTXO interrupt and sets interrupt level 4. 


Interrupt processing 
Acc<-SC0CR and 00011100 
lfAcc;6 0then ERROR 
Acc<-SC0BUF 


^ Check for error. 

Read the received data. 


Note: x; don’t care no change 


(4) Mode 3 (9-bit UART Mode) 

The 9-bit UART mode can be specified by setting 
SCOMOD <SM01,00>/SC1 MOD <SM11.10> to “11 
In this mode, parity bit cannot be added 
For transmission, the MSB (9th bit) is written in SCMOD 
<TB8>, while in receiving it is stored in SCCR <RB8>. 
For writing and reading the buffer, the MSB is read or 
written first, then SCOBUF/SC1 BUR 


Wake-up function 

In 9-bit UART mode, the wake-up function of slave 
controllers is enabled by setting SCOMOD <WU>/ 

SCI MOD <WU> to “1 The interrupt INTRX1/INTRXO 
occurs only when <RB8> = 1 



Note : TxD pin of the slave controllers must be in open drain output mode. 


Figure 3.11 (23). Serial Link Using Wake-Up Function 
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Protocol 

® Select the 9-blt DART mode for master and slave 
controllers. 


<D The master controller transmits one-frame data 
including the 8-bit select code for the slave control¬ 
lers. The MSB (bit 8) <TB8> is set to “1 


(D Set SCOMOD <WU>/SC1 MOD <WU> bit of each 
slave controller to “1 ” to enable data receiving. 



Select code of slave controller "1* 


@ Each slave controller receives the above frame, and 
clears WU bit to “0” if the above select code matches 
its own select code. 


(D The master controller transmits data to the specified 
slave controller whose SCOMOD <WU>/SC1 MOD 
<WU> bit 

is cleared to “0.” The MSB (bit 8) <TB8> is cleared to 
“ 0 ”. 



® The other slave controllers (with the <WU> bit remain¬ 
ing at “1 ”) ignore the receiving data because their 
MSBs (bit 8 or <RB8>) are set to “0” to disable the 
interrupt INTRX0/INTRX1. 


The slave controllers (WU = 0) can transmit data 
to the master controller, and it is possible to indicate 
the end of data receiving to the master controller by 
this transmission. 
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Setting Example: To link two slave controllers serially the internal clock ^1 (fc/2) as the transfer clock, 
with the master controller, and use 



Select code Select code 

00000001 00001010 


Since serial channels 0 and 1 operate in exactly the 


same way, channel 0 is used for the purposes of explanation. 


► Setting the 

master controller 




Main setting 

P9CR <- 

X 

X 

- - 

- - 

0 

1 

P9FC ^ 

X 

X 

X 

X 

X 

1 

INTESO «- 

1 

1 

0 0 

1 1 

0 

1 

SCOMOD <- 

1 

0 

1 0 

1 1 

1 

0 

SCOBUF 

0 

0 

0 0 

0 0 

0 

1 


) Select P90 as TxD pin and P91 as RxD pin. 

Enable INTTXO and sets the interrupt level 4. 

Enable INTRXO and sets the interrupt level 5. 

Set 01 (fc/2) as the transmission clock in 9-bit UART mode. 
Set the select code for slave controller 1. 


INTTXO interrupt 
SCOMOD - 
SCOBUF ^ * 


Set TBS to “0”. 

Set data for transmission. 


• Setting the 

slave controller 2 




Main setting 







P9CR «- 

X 

X 

- 

- 

- 

0 

P9FC <- 

X 

X 

X 

- 

X 

X 

ODE ^ 

X 

X 

X X 

X 

X 

- 

INTESO <- 

1 

1 

0 1 

1 

1 

1 

SCOMOD 

0 

0 

1 1 

1 

1 

1 


j Select P91 as RxD pin and P90 as TxD pin (open drain output). 

1 

0 Enable INTRXO and INTTXO. 

0 Set <WU> to “1 ” in the 9-bit UART transmission mode with transfer 

clock 01 (fc/2). 


INTRXO interrupt 
Acc^ SCOBUF 
If Acc = Select Code 

ThenSCOMOD4 - Clear <WU> to “0”. 
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3.12 Analog/Digital Converter 

The TMP96C081F contains a high-speed analog/digital con¬ 
verter (A/D converter) with 6-channel analog input that features 
10-bit successive approximation. 


Figure 3.12 (1) shows the block diagram of the A/D con¬ 
verter. 6-channel analog input pins (AN5 to ANO) are shared by 
input-only P5 and so can be used as input port. 



Figure 3.12 (1). Block Diagram of A/D Converter 

Note 1: This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sample and 
hold circuit externally. 

Note 2: In order to reduce power supply currency in IDLE or STOP mode, the A/D converter enters standby mode even if the internal comparator remains in 
the enable state depending on the timing. Stop the A/D converter before executing the HALT command. Since the ladder resistor between Vref ■ 
/\gn 0 cannot be stopped internally, Iref is transmitted regardless of a mode. 
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ADMOD 
(005EH) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

EOCF 

AD8F 

REPET 

SCAN 

ADCS 

ADS 

ADCH1 

ADCHO 

Read/Write 


R/W I 

After reset 

0 

0 

0 

0 

0 

0 

0 


Function 

A/D 

conversion 

End /lag 

1; END 

A/0 

conversion 
BUSY Flag 

1:BUSY 

Repeat 

mode 

0; Single 

mode 

1 : Repeat 
mode 

Scan 

mode 

0: Fixed 
channel 

mode 

1; Channel 

Scan 

mode 

A/0 

conversion 

Speed 

0: High 
speed 
mode 

1: Low 

speed 

mode 

fiJO 

conversion 

Start 

1; 

conversion 

Start 

Always 
read as 
"0" 

Analog Input 
Channel Select 

Sets input channels 
together with the 
<ADCH2> bit setting 
in AOBS register 



A/D conversion start 


0 

— 

1 

Start A/D conversion. 


Note) Always "0" when data is read. 
A/D conversion speed selection 


0 A/D High speed conversion mode; 160 states = 16//S (@20MH2) 
] A/D Low speed conversion mode: 320 states = 32/<s (@20MHz} 


Specification of A/D scan mode 

0 

Fixed A/D conversion channel mode 

1 

A/D conversion channel scan mode 


Selecting A/D repeat mode 


0 A/D conversion single mode 
1 A/D conversi on repeat mode 
A/D conversion busy flag 
0 A/D conversion not busy 
1 A/D conversion busy 
A/D conversion end flag 
0 A/D conversion not ended nor started 
1 A/D conversion ended 


Analog input channel select (with ADCH2 = 0) Analog input channel select (with ADCH2 = 0) 



Normal 

Scan mode 



Normal 

Scan mode 

00 

ANO 

ANO 


00 

AN4 

AN4 

01 

AN1 

AN0-+AN1 


01 

AN5 

AN4-»AN5 

10 

AN2 

AN0-»AN1-*AN2 


10 



11 

AN3 

AN0-»AN 1 -♦AN2-»AN3 


11 




Figure 3.12 (2). A/D Control Register 
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ADREG04L 

(0060H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

ADR041 

ADR40 







Read/Write 

R 

After reset 

Undefined 

1 

1 

1 

1 

1 

1 

Function 

Lower 2 bits of A/D result for ANO or AN4 are stored. 


ADREG04H 
(0061H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

ADR049 

ADR048 

ADR047 

ADR046 

ADR045 

ADR044 

ADR043 

ADR042 

Read/Write 

R 

After reset 

Undefined 

Function 

Upper 8 bits of A/D result for ANO or AN4 are stored. 


ADREG15L 

(0062H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

ADR151 

ADR150 







Read/Write 

R 

After reset 

Undefined 

1 

1 

1 

1 

1 

1 

Function 

Lower 2 bits of A/D result for AN1 or ANSare stored. 


ADREG15H 

(0063H) 



7 

6 

5 

4 

3 

2 

1 

0 

bit Symbol 

ADR159 

ADR158 

ADR157 

ADR156 

ADR155 

ADR154 

ADR153 

ADR152 

Read/Write 

R 

After reset 

Undefined 

Function 

Upper 8 bits of A/D result for AN1 or AN5 are stored. 


Figure 3.12 (3-1). A/D Conversion Result Register (ADREG04,15) 
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ADREG2L 

(0064H) 


ADREG2H 

(0065H) 



7 ; 6 ; 5 

4 i 3 i 2 i 1 

0 

bit Symbol 

ADR21 i ADR20 



Read/Write 

_ —— n 

After reset 

Undefined 1 

1 : 1 I 1 i 1 


Function 

Lower 2 bits of A/D result for AN2 are stored. | 



7 

6 

5 

4 

3 1 2 i 1 i 0 

bit Symbol 

ADR29 

ADR28 

ADR27 

ADR26 

ADR25 i ADR24 ! ADR23 1 ADR22 

Read/Write 

R 

After reset 

Undefined 

Function 

Upper 8 bits of A/D result for AN2 are stored. 



7 6 

5 4 

3 I 2 ; 1 j 0 

bit Symbol 

ADR31 ; ADR30 



Read/Write 


After reset 

Undefined 

1 1 

. - i ■ i - i . 

Function 

Lower 2 bits of A/D result for AN3 are stored. | 


ADREG3H 

(0067H) 



7 

6 

5 

4 

3 

2 

1 0 

bit Symbol 

ADR39 

ADR38 

ADR37 

ADR36 

ADR35 

ADR34 

AOR33 ; ADR32 

Read/Write 

R 

After reset 

Undefined 

Function 

Upper 8 bits of A/D result for AN3 are stored. 


Figure 3.12 (3-2). A/D Conversion Result Register (ADREG2,3) 


ADBS 

(005FH) 



7 

6 5 

4 

3 

2 

1 

0 

bit Symbol 







ADCH2 

Read/Write 







R/W 

After reset 







0 

Function 







0;AN0~3 

1;AN4~5 


t—Analog input channel select 



Normal 

Scan mode 

0 

AN0~3 

AN0-»AN1->AN2-»AN3 

1 

AN4~5 

AN4-»AN5 


Figure 3.12 (3-3). A/D Channel Select Register 
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3.12.1 Operation 

(1) Analog Reference Voltage 

High analog reference voltage is applied to the VREF 
pin, and low analog reference voltage is applied to 
AGND pin. 

The reference voltage between VREG and AGND is 
divided by 1024 using ladder resistance, and com¬ 
pared with the analog input voltage for A/D conversion. 

(2) Analog Input Channels 

Analog input channel is selected by ADMOD <ADCH1, 
0>. However, which channel to select depends on the 
operation mode of the A/D converter. 

In fixed analog input mode, one channel is selected by 
ADMOD <ADCH1,0> among four pins: ANO to AN3. 

In analog input channel scan mode, the number of 
channels to be scanned from ANO is specified by 
ADMOD <ADCH1,0>, such as ANO AN1, ANO 
AN1 AN2, and ANO AN1 AN2 ^ AN3. 

When reset, /VD conversion channel register will be ini¬ 
tialized to ADMOD <ADCH1,0> = 00, so that ANO pin 
will be selected. 

The pins which are not used as analog input channel 
can be used as ordinary input port P5. 

(3) Starting A/D Conversion 

A/D conversion starts when A/D conversion register 
ADMOD <ADS> is written “1". When A/D conversion 
starts, A/D conversion busy flag ADMOD <ADBF> 
which indicates “A/D conversion is in progress” will be 
set to “1". 

(4) A/D Oonversion Mode 

Both fixed A/D conversion channel mode and A/D 
conversion channel scan mode have two conversion 
modes, i.e., single and repeat conversion modes. 

In fixed channel repeat mode, conversion of specified 
one channel is executed repeatedly. 

In scan repeat mode, scanning from ANO, AN3 is 
executed repeatedly. 

/VD conversion mode is selected by ADMOD <REPET, 
SCAN>. 


(5) /VD Conversion Speed Selection 

There are two A/D conversion speed modes: high 
speed mode and low speed mode. The selection is 
executed by ADMOD <ADCS> register. 

When reset, ADMOD <ADCS> will be initialized to “0,” 
so that high speed conversion mode will be selected. 

(6) /VD Oonversion End and Interrupt 

• A/D conversion single mode 

ADMOD <EOCF> for A/D conversion end will be 
set to “1ADMOD <ADBF> flag will be reset to “0,” 
and INTAD interrupt will be enabled when A/D conver¬ 
sion of specified channel ends in fixed conversion 
channel mode or when A/D conversion of the last 
channel ends in channel scan mode. 

• /VD conversion repeat mode 

For both fixed conversion channel mode and con¬ 
version channel scan mode, INTAD should be disabled 
when in repeat mode. Always set the INTEOAD at 
“000,” that disables the interrupt request. 

Write “0” to ADMOD <REPET> to end the repeat 
mode. Then, the repeat mode will be exited as soon as 
the conversion in progress is completed. 

(7) Storing the A/D Conversion Result 

The results of /VD conversion are stored in ADREGO to 
ADREG3 registers for each channel. In repeat mode, 
the registers are updated whenever conversion ends. 
ADREGO to ADREG3 are read-only registers. 

(8) Reading the A/D Conversion Result 

The results of/VD conversion are stored in ADREGO to 
ADREG3 registers. When the contents of one of 
ADREGO to ADREG3 registers are read, ADMOD 
<EOCF> will be cleared to “0". 

Setting example: When the analog input voltage of the 
AN3 pin is A/D converted and the 
result is stored in the memory 
address FF10H by/VD interrupt 
INTAD routine. 
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Main setting 

INTEOAD <- 1 1 0 0 - - - - Enable INTAD and sets interrupt level 4. 

ADMOD 4- X X 0 0 0 1 1 1 Specify AN3 pin as an analog input channel and starts A/D conversion in high speed 

mode. 


INTAD routine 

WA <- ADREG3 

WA > > 6 

JOOFFIOH) 4- WA 

When the analog input voltage of ANO ~ AN2 pins is A/D converted in high 
INTEOAD 4-1 00----- 

ADMOD 4- X X 1 1 0 1 1 0 

Note: x; don’t care no change 


Read ADREG3L and ADREG3H values and writes to WA (16 bit). 

Right-shifts WA six times and writes 0 in upper bits. 

Writes contents of WA in memory at FF10H. 
conversion channel scan repeat mode. 

Disable INTAD. 

Start the A/D conversion of analog input channels ANO ~ AN2 in the high-speed 
scan repeat mode. 


3.13 Watchdog Timer (Runaway Detecting Timer) 

The TMP96C081F is containing watchdog timer of Runaway 
detecting. 

The watchdog timer (WDT) is used to return the CPU to 
the normal state when it detects that the CPU has started to 
malfunction (runaway) due to causes such as noise. When the 


watchdog timer detects a malfunction, it generates a non¬ 
maskable interrupt to notify the CPU of the malfunction, and 
outputs 0 externally from watchdog timer out pin WDTOUT to 
notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin 
internally forces a reset. 


MCU900-584 
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3.13.1 Configuration 

Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT). 





\ Intern^ bu$ \ 


Figure 3.13 (1). Block Diagram of Watchdog Timer 
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The watchdog timer is a 22-stage binary counter which 
uses 0 (fc/2) as the input clock. There are four outputs from the 
binary counter: 2^®/fc, 2^®/fc, 2^°/fc, and 2^^/fc. Selecting one 
of the outputs with the WDMOD register generates a watch¬ 
dog interrupt, and outputs watchdog timer out when an over¬ 
flow occurs. _ 

Since the watchdog timer out pin (WDTOUT) outputs “0” 
due to a watchdog timer overflow, the peripheral devices can 


be reset. The watchdog timer out pin is set to 1 by clearing the 
watchdog timer (by writin g a clear c ode 4EH in the WDCR reg¬ 
ister). In other words, the WDTOUT keeps outputting “0” until 
the clear code is written. 

The watchdog timer out pin can also be connected to the 
reset pin in ternally. In this case, the watchdog timer out pin 
(WDTOUT) outputs 0 at 8 to 20 states (800ns to 2.0|is @ 
20MHz) and resets itself. 



Figure 3.13 (2). Normal Mode 


Over flow 

WDT Counter n 

WDT Interrupt _ I j 


WDTOUT 
{Internal Reset) 



Figure 3.13 (3). Reset Mode 
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3.13.2 Control Registers 

Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 

(1) Watchdog Timer Mode Register (WDMOD) 


® Setting the detecting time of watchdog timer 
<WDTP> 

This 2-bit register is used to set the watchdog timer 
interrupt time for detecting the runaway. This register is 
initialized to WDMOD <WDTP1,0> = 00 when reset, and 
therefore 2''®/fc is set. (The number of states is approxi¬ 
mately 32,768). 

( 2 ) Watchdog timer enable/disable control register 
<WDTE> 

When reset, WDMOD <WDTE> is initialized to “1” 
enable the watchdog timer. 


To disable, it is necessary to clear this bit to “0” and 
write the disable code (B1H) in the watchdog timer control 
register WDCR. This makes it difficult for the watchdog 
timer to be disabled by runaway. 

However, it is possible to return from the disable 
state to enable state by merely setting <WDTE> to “1". 

(D Watchdog timer out reset connection <RESCR> 

This register is u sed to c onnect the output of the 
watchdog timer with RESET terminal, internally. Since 
WDMOD <RESCR> is initialized to 0 at reset, a reset by 
the watchdog timer will not be performed. 


(2) Watchdog Timer Control Register (WDCR) 

This register is used to disable and clear the binary 
counter of the watchdog timer function. 


• Disable control 


WDMOD <- 0 - 
WDCR ^ 1 0 


- - X X Clear WDMOD <WDTE> to “0“. 

0 0 0 1 Write the disable code (B1H). 


• Enable control 

Set WDMOD <WDTE> to “1". 


• Watchdog timer clear control 

The binary counter can be cleared and resume 
counting by writing clear code (4EH) into the WDCR reg¬ 
ister. 


WDCR ^01001110 Write the clear code (4EH). 
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7 

6 

5 

4 

3 2 

1 

0 

bit Symbol 

WDTE 

WDTPl 

WDTPO 

WARM 

HALTMO : HALTMO 

RESCR 

DRVE 

Read/Write 

R/W 1 

After reset 

1 

0 

0 

0 

0 0 

0 

0 


WDT 

Select detecting time 

Warming 

Standby mode 

1: 

1: 


control 

00: 2’6/fc 


Uptime 

00: RUN mode 

Internally 

Drive the 

Function 


01: 218/fc 



01: STOP mode 

connects 

pin even in 


1: Enable 

10: 220/fc 


0: 2i«/fc 

10; IDLE mode 

WDT out to 

STOP mode 



11: 222/fc 


1:2i6/fc 

11: Don't care 

the reset pin 



_i__ __i_ \ _J 


^ DRVE (explanation by stop mode) 


Watchdog timer out control 


0 

— 


1 

Connects WDT out to a reset 


■ Select the standby mode HALT instruction 

00 

RUN mode (Only the CPU stops) 

01 

STOP mode (All circuits stop) 

10 

IDLE mode (Only the oscillator operates) 

11 

Don't care 

■ Select the detecting period of watchdog 
timer 

0 

2 i*/fc (approx. 1.0ms <Sl6MHz) 


1 

216/fc (approx. 4.1 ms @ 16M Hz) 


■ Select the detecting time of watchdog timer 

00 

216/fc (approx. 4.1ms @16MHz) 


01 

2’8/fc (approx. 16ms@16MHz) 


10 

220/fc (approx. 66ms @16MHz) 


11 

222/fc (approx. 262ms @16MHz) 



Watchdog timer Enable / Disable control 


0 Disable 
1 Enable 


Figure 3.13 (4). Watchdog Tinner Mode Register 
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Figure 3.13 (5). Watchdog Timer Control Register 
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3.13.3 Operation 

The watchdog timer generates interrupt INTWD after the 
detecting time set in the WDMOD <WDTP1,0> register and 
outputs a low level signal. The watchdog timer must be zero- 
cleared by software before an INTWD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INTWD Interrupt and it is possible to return to normal oper¬ 


ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices’ resets, a CPU 
malfunction can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after 
resetting is released. 

The watchdog timer stops its operation in the IDLE and 
STOP modes. 

The watchdog timer stops when a bus is released or 
internal DMAC is operating. 


Example: ® Clear the binary counter 

WDCR ^01001110 Write clear code (4EH). 

(D Set the watchdog timer detecting time to 2^®/fc 
WDMOD 4- 1 0 1 - - - X X 

(D Disable the watchdog timer 


WDMOD <- 0 ----- X X Clear WDTE to “0". 

WDCR <- 1 0 1 1 0 0 0 1 Write disable code (B1H). 

@ Set IDLE mode 

WDMOD <-0---10xx Disables WDT and sets IDLE mode. 

WDCR <- 1 0 1 1 0 0 0 1 

Executes HALT command Set the standby mode 

(D Set the STOP mode (warming up time: 2^®/fc) 

WDMOD <- - - - 1 0 1 X X Set the STOP mode. 

Executes HALT command Execute HALT instruction. Set the standby mode. 
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3.14 Direct Memory Access Controller (DMAC) 

3.14.1 Outline 

The Direct Memory Access Controller (DMAC) is a peripheral 
circuit used to directly access memory in more than one 
mode. The DMAC enables direct data transfer between the 
internal and the external I/Os of the TMP96C081 without inter¬ 
fering with the CPU operation, thus contributing to system effi¬ 
ciency. 

The DMAC has four independent built-in channels. Pro¬ 
grammable channel control registers support three transfer 
modes and two address specification methods. Auto-initializa¬ 
tion is also supported. This enables repeated DMA transfers, 
by automatically returning the values previously set in the regis¬ 
ters at the completion of one data transfer. 

Also supported are: 

• increment/decrement of transfer source and destination 
address 

• accesses necessary for the DMAC built into the MCU, such 
as access to fixed addresses and access in I/O mode (see 
3.14.4 (4) Address specification). 

Channels have the following capabilities: 

maximum number of transfer blocks: 64K words 
maximum address area: 16M bytes 

3.14.2 Features 

• Four independent DMA channels 

• Transfer speed at 20MHz: 

Single address transfer: 

external memory external I/O, 5M bytes (words)/s 
external memory internal I/O, 5M bytes/s 
internal memory external I/O, 3.3M bytes/s 
Dual address transfer: 

8 8 or 16-^ 16 bit transfer, 2.5M bytes (word)/s 

8 -> 16 or 16-^ 8 bit transfer, 3.3 M bytes (word)/s 

• Three transfer modes; byte, demand, and continuous 

• Transfer between memories or between memories and I/Os 

• Independent auto-initialization for each channel 

• Programmable address increment/decrement/fixed I/O 
mode 

• Control of enable/disable for each DMA request 

• Three methods of ending transfers: completion of specified 
number of transfers, end of process by external circuit, and 
data match detect 

• DMA request by software 

• Report of transfer end to CPU by interrupt 

• Channel priority can be rotated 

• Transfer between ROM and RAM in different bus sizes 


3.14.3 Circuit Configuration and Related Pins 

The circuit configuration 

Note: An asterisk* next to the pin name represents a 
channel number. 

(1) DRra* 

Input pin used for DMA start requested by an external 
circuit. 

(2) D^* 

Output pin used respond to DMA start requested by 
an external circuit. 

(3) TC* 

Output signal pin used to indicate DMA completion. 
The specified number of DMA transfers in response to 
a DMA request is ended. 

(4) EOP* 

Input pin used to request DMA transfer ended by an 
external circuit. 

(5) AEN* 

Output signal used to externally notify DMA in opera¬ 
tion. 

(6) lORD* 

Read signal used for external I/Os. 

(7) iOWR* 

Write signal used for external I/Os. 
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INTAD 

INTTO 

INTT2 

INTT5 

INTRXO/1 

INTTXO/1 

DACKRXO/1 

DACKTXO/1 

DACKADL/H 

DREQ0~3 

DACK0~3 

BUSRQ 


RD 

WR 

lORD 

lOWR 

AEN 

MATCH 

TC 

ERROR 

INTDO-3 

EOF 


Figure 3.14 (1). DMAC Block 
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3.14.4 DMA Operation 

This section describes address specification methods, transfer 
modes, start/stop methods, and interrupt generation. 

(1) Address Specification Methods 

• Single address transfer 


1 -byte or 1 -word transfer in 1 -bus cycle. Simultaneous 
read and write from/to memories and internal/external 
peripheral circuits. When an internal peripheral circuit is 
accessed, a wait may automatically be inserted to 
adjust the clock phase. Note that single address trans¬ 
fer is enabled only for SlOO, SI01, and A/D among 
internal peripheral circuits. 



Case (2) memory external I/O 


Figure 3.14 (1). Single Address Transfer Timing 

Note: CLK output is not necessarily the same as the above phase. 
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XI 

CLK (note) 
A16~23 

csd~^ 

bAX:Kd--DACK3 

R/W 

ALE 

AD0~15 

RD 

HWR. WR 
iORb 
idWR 



Figure 3.14 (2). Single Address Transfer Timing 

Note: CLK output is not necessarily the same as the above phase. 
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Figure 3.14 (3). Single Address Transfer Timing 

Note: CLK output is not necessarily the same as the above phase. 
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• Dual address transfer 

1 -byte or 1 -word transfer in 2-bus cycle consisting of 
read and write cycles. When an internal peripheral cir¬ 


cuit is accessed, a wait may automatically be inserted 
to adjust the clock phase. 

Note that DA CKO to DACK3 signals are output only 
when P ACK output is enabled. For details, see (10) 
DACK output enable bit. 



Figure 3.14 (4). Dual Address Transfer Timing 
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Figure 3.14 (5). Dual Address Transfer Timing 



Transfer data from 8 bit size to 16 bit size 


Figure 3.14 (6). Dual Address Transfer Timing 
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(2) Transfer Modes 

The DM AC supports the following three transfer 
modes. 

• Byte mode 

In this mode, bus mastership is released after each 
transfer in response to a DMA request and whe n 
DREQ (DMA request input) is sensed. If DREQ is 
active, bu s maste rship is re-captured to resume DMA 
transfer; if DREQ is inactive, DMA transfer ends. 

• Continue mode 

In this mode, the specified number of DMA transfers is 
executed by one DMA request. 

• Demand mode 

In this mode, DMA transfers continue as lo ng as D REQ 
by one DMA request. Transfer ends when DREQ 
becomes inactive. 

(Note) When starting DMA transfer using a built-in p eripher al 
circuit which can be connected internally, the DREQ 
detect method (pulse or level) must be set depending 
on the output waveform of the interrupt signal to be 
connected. 

(3) DMA Transfer Start and Stop Methods 

• Start 

The DMAC can be started using any of the following 
three methods: 

1. DREQ in put by external periph eral circ uit 

Inputting DREQ to the external DREQ pin correspond¬ 
ing to a channel starts DMA transfer. 


2. DREQ input by intern al perip heral circuit 
Selecting the internal DREQ input corresponding to a 
channel and ending the anticipated operation starts 
DMA transfer. 

3. Software request 

Setting the DSREQ* DMA start request bit in the 
DMACR* command register for a channel starts trans¬ 
fer. 


• Stop 

The DMAC can be stopped in any of the following 
three methods: 

1. Completion of a set number of DMA transfers (terminal 
count: TC) 

When the number of data transfers set in the count 
register for a channel is completed, the DMAC 
releases bus mastership and outputs the TC signal. 
Interrupt generation and setting the TC* (* = channel 
number) bit in the status register notify the CPU of 
DMAC stop. 

2. End of pr oces s signal input by external circuit (End of 

process: EOP]_ 

Inputting the EQP signal to a channel in DMA transfer 
ends transfer and releases bus mastership. Interrupt 
generation and setting the EOP* (* = channel number) 
bit in the status register notify the CPU of DMAC stop. 

3. Data match detected (match: MATCH) 

Detecting a match between the data set in the match 
register for a channel and the data to be transferred 
ends transfer. Interrupt generation and setting the 
MAT* (* = channel number) bit in the status register 
notify the CPU of DMAC stop. 

(4) DMA Transfer Start and Stop Methods 

The DMAC supports four methods for updating the 
transfer source and destination address: 

1. Fixed mode: 

Used to access address set in the transfer source and 
destination address registers. 

2. Increment mode: 

Used to sequentially increment addresses set in the 
transfer source and destination address registers: 
DMASAA/B/C* and DMADAA/B/C (* = channel num¬ 
ber). 

3. Decrement mode: 

Used to sequentially decrement addresses set in the 
transfer source and destination address registers: 
DMASAA/B/C* and DMAD/WB/C (* = channel num¬ 
ber). 

4. I/O mode: 

Used to access 2-byte data repeatedly. Useful for 
accessing internal peripheral circuits 
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Transfer destination (memory) 


Conversion result by A/D converter 


Address 000060H 
61H 



DMAC setting contents 
Transfer source : ADREG04 L/H 
Transfer destination : memory 
Address updata method : 

transfer source : I/O mode and transfer destination ; INC mode 
Counter: 8 bytes 


lower 2 bits 


uppers bits 


lower 2 bits 


upper 8 bits 


lower 2 bits 


upper 8 bits 


lower 2 bits 


upper 8 bits 


007000H 
01H 
02H 
03H 
04H 
OSH 
06H 
07H 


Figure 3.14 (5). Example: Setting Transfer Source Address Update Method to I/O Mode 


(5) Transfer Error Generation 

The DMAC can notify the CPU that a transfer is 
accepted by setting 0 in the count register. When 0 is 
set in the count register, accepting a transfer request 
causes an error to occur in the DMAC. In this case, the 
DMAC does not perform DMA transfer. It generates an 
interrupt and sets the ERR* bit (* = channel) in the sta¬ 
tus register. After an error occurred in the DMAC, DMA 
transfer can be enabled by the following steps: 

(1) set a value other than 0 in the count register. 

(2) reset the error bit in the status register. 

(3) set the DMA enable bit. 

However, if the DMA request source disappears during 
step (1) to (3), DMA transfer will not be performed. 

(6) Auto-initialization 

When DMA transfer stops (explained in (3), DMA trans¬ 
fer start and stop methods), and RLD*, the auto-initial- 
ization bit in the DMACR* command register for a 
channel is set, the pre-transfer data is returned to the 
registers. One of the advantages of auto-initialization is 
that it eliminates the need to set the DMA control regis¬ 
ters when the same address is repeatedly accessed. 
Auto-initialization is used for count registers, and trans¬ 


fer source and destination address registers. 

Usually, the DMAEN* bit in the DMACR* command 
register is cleared after a channel ends transfer. How¬ 
ever, if RLD is set and DMA transfer stops due to inter¬ 
rupt disable (set in the DMACR command register), the 
DMAEN* bit will not be cleared. In this case, when a 
DMA request is generated, DMA transfer restarts with¬ 
out setting DMA enable again. 

(7) Channel Priority Setting 

The DMAC supports the following two methods for 
setting channel priority. Priority is set in the PRI bit of 
the DMAMODA3 mode A register. 

1. Fixed method 

Used to assign fixed priorities to four channels. Chan¬ 
nel 0 has the highest priority: next highest Is channel 1, 
then channel 2, and channel 3 has the lowest priority. 

2. Rotate mode 

Used to change the priorities of four channels. In this 
mode, when DMA transfer ends for a channel, the pri¬ 
ority of that channel becomes the lowest, then the next 
channel has the highest priority. 
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(8) Interrupt Generation 

The DMAC can notify the CPU of an event such as 
transfer end by generating an interrupt. The DMAC 
supports the following four interrupt sources. It can set 
interrupt generation enable/disable using the DMACR* 
(* = channel number) command register. 

1. Match (MATCH) 

Data set in the match register matched the data being 
transferred. 

2. Terminal count (TC) 

Number of transfers set In the count register has 
ended. 

3. End of process (EOP) 

Transfer ended by end of process input externally. 


4. Error (ERROR) 

DMA start request is generated with Os in the count 
register and an error has occurred in the correspond¬ 
ing channel. 

When an interrupt is generated, this is reflected in the 
DMAST* status register. Thus, writing 1 in DMAST* 
clears the status. 


(9) DACK Output Enable Bit 

Bit 7 in the DMACR* command register for cha nnels 0 
to 2 is used to set wh ether to send a response (DACK) 
when a DMA request (DREQ) is input to a channel. 
DACK signal output can be classified as shown in the 
table below, depending on the combination of address 
specification method and transfer mode. 

Bit 7 in the DMAC3* command register for channel 3 is 
used to set DMAC channel priority. Thus, DACK signal 
output cannot be set for channel 3. Instead, channel 3 
supports DACK output using 0 set in bit 7 of other 
channels. 
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Table 3.14 (7) DAMC Register Setting and Address and DACK Output 


DMA 

start source 

DACK 

output 

select 

MODA 

bit? 

MIO/IOM 

MODA 

bits 

Sng/Dual 

MODA 

bit2 

Internal 
connection 
/no connection 
MODB 
bit4 

Output 

address 

Internal 

DACK 

address 

External 

DACK 

output 


0: no output 

0:10 M 

0 ; Dual 

0: no 

SA: Transfer 

O: 

O: 


1 ; output 

1 : M^IO 

1 : Sngl 

connection 

1 : connection 

source 

DA: destination 

output 

output 


0 

0 

0 

0 

SA/DA 

X 

X 


1 

0 

0 

0 

SA/DA 

X 

o 


0 

0 

1 

0 

DA 

X 

o 

External 

1 

0 

1 

0 

DA 

X 

O 

DREQ 

0 

1 

0 

0 

SA/DA 

X 

X 


1 

1 

0 

0 

SA/DA 

X 

o 


0 

1 

1 

0 

SA 

X 

o 


1 

1 

1 

0 

SA 

X 

o 


0 

1 0 

0 

1 

SA/DA 

X 

X 


1 

0 

0 

1 

SA/DA 

X 

o 


0 

! 0 

1 

1 

DA 

o 

X 

Internal 

1 

0 

1 

1 

DA 

o 

o 

DREQ 

0 

1 

0 

1 

SA/DA 

X 

X 


1 

1 

0 

1 

SA/DA 

X 

o 


0 

1 

1 

1 

SA 

o 

X 


1 

1 

1 

1 

SA 

o 

o 


0 

0 

0 

0 

SA/DA 

X 

X 


1 

0 

0 

0 

SA/DA 

X 

o 


0 

0 

1 

0 

DA 

X 

o 

Software 

1 

0 

1 

0 

DA 

X 

o 

request 

0 

1 

0 

0 

SA/DA 

X 

X 


1 

1 

0 

0 

SA/DA 

X 

o 


0 

1 

1 

0 

SA 

X 

o 


1 

1 

1 

0 

SA 

X 

_Q_ 


Notes ; • Internal DREQ signal is used by the peripheral circuit specified by bits 7 to 5 in the mode B 

register. Internal DACK signal is only output at SlOO send request, SlOO receive request, SI01 
send request, SI01 receive requ est, and A/D conversion end. 

• To start the DMA by an external C>REQ or software request, set the internal connect bit (bit 4 
in the mode B register) to 0. 

• Do not set <PAFC> for DREQ function with software request start. 
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3.14.5 DMAC Control Registers 

The TMP96C081F has four built-in independent channels, 
each of which has 14 registers belonging to eight register 
groups. Channel functions are almost the same. Channel-spe¬ 
cific functions specific to channels are also explained below. 

When setting the following (1) to (8) registers, the 
TMP96C081F must be in DMA disable state (bit DMAEN* in 
the DMACR* command register = 0). 


(1) Source Address Register, Common to All Channels 
(*: channel number) 

Used to specify the start address of the data trans¬ 
ferred by the DMAC, and memory-mapped I/O register 
addresses. To transfer 16-bit data, specify even-num¬ 
bered addresses. 


DMASAA* (Transfer source address ; lower 8 bits) 



(2) Destination Address Register, Common to All Channels 
(* = Channel Number) 


Used to specify the transfer destination address. To 
transfer 16-bit data, specify even-numbered 
addresses. 


DMADAA* (Transfer destination address : lower 8 bits) 
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(3) Count Register, Common to All Channels (* = Channel 
Number) 

Used to specify the number of bytes for 8-bit DMA 


transfer or the number of words for 16-bit DMA transfer. 
If the data width of the transfer source differs from the 
transfer destination, the data width of the transfer 
source is used for counting data. 


DMACTA* (Count register: lower 8 bits) 


Register name 

DMACTA* 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

CT07* 

CT06* 

CTOS* 

CT04* 

CT03* 

CT02* 

CT01* 

CTOO* 


DMACTB* (Count register: upper 8 bits) 


Register name 
DMACTB* 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 







CT09* 

CT08* 


(4) Match Register, Common to All Channels (* = Channel 
Number) 

Used to specify data for stopping DMA transfer if the 
specified data is accessed during DMA transfer. For 8- 


bit to 8-bit transfer, the upper 8-bits are not compared 
but ignored. 

If the data width of the transfer source differs from the 
transfer destination, the data width of the transfer 
source is used for counting data. 


DMAMAA* (Match data : lower 8 bits) 


Register name 
DMAMAA* 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

MA07* 

MA06* 

MAOS* 

MA04* 

MA03* 

MA02* 

MA01* 

MAOO* 


DMAMAB* (Match data : upper 8 bits) 


Register name 
DMAMAB* 

B7 

B6 

BS 

B4 

B3 

B2 

B1 

BO 

MA1S* 

MAM* 

MA13* 

MA12* 

MA11* 

MA10* 

MA09* 

MA08* 
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(5) Mode Register A, Common to Channels 0 to 2; 
Excluding Channel 3 

Used to specify transfer mode, data width, and transfer 
direction. With channels 0 to 2, bit 7 is used to specify 


whether to output PA CK to re quest source at DMA 
transfer by an external DREQ. With channel 3, bit 7 is 
used to specify channel priority specification method 
for the DMAC; that is, PACK output cannot be set. 


Channels 0 to 2 (* : channel number) 



B7 

B6 

B5 

B4 

B3 

B2 

B1 BO 

bit Symbol 

DACK* 

LV* 

i BUS1* 

BUSO* 

DIR* 

SD* 

MODI* i MODO* 

Read/Write 

RW 


After reset 

0 

0 

0 

0 

0 

0 

0 i 0 

Function 

Sets outputiSets DREQ 
DACK idetect 

0: NoDACKiO: Detects 
output : DREQ by 
1: DA« i level 
output ;1: Detects 
i DREQ by 
pulse 

jSets transfer s< 
•destination da 
iOO; Bbitsfort 
land 8bit$ for t 
■destination 
iOl: 16bit$for 
jsourceand 16t 
itransfer destin 
ilO: Bbitsfort 
land 1 Sbits for 
.'destination 
|11: 1 Sbits for 
jsource and 8bi 
•destination 

>urce and 
ta width 
ransfer source 
ansfer 

transfer 
)its for 
ation 

ransfer source 
transfer 

transfer 
ts for transfer 

Sets 

transfer 

direction in 

single 

address 

transfer 

0: I/O 
-»MEM 

1: MEM 
->l/0 

Sets DMA 

transfer 

method 

0: Dual 
address 
transfer 
1: Single 
address 
transfer 

Sets DMA transfer 
mode 

00: Byte mode 

01: Continue mode 

10: Demand mode 

11: Not defined 


I 


I— ► Sets DMA transfer mode 


00 

Byte mode 

01 

Continue mode 

10 

Demand mode 

11 

Not defined 


Sets DMA transfer method 


0 

Dual address tranfer 

1 

Single address transfer 


Sets transfer direction in single 
address transfer (Note l) 


0 

l/0-»MEM 

1 

MEM-»l/0 


Sets transfer source and 
destination data width (Note 2) 


00 

Bbits for transfer source and destination data width 

01 

16bits for transfer source and 1 Sbits for tranfer destination 

10 

Bbits for transfer source and 1 Sbits for transfer destination 

11 

1 Sbits for transfer source and Bbits for transfer destination 


Sets DREO detect by level or pulse 


0 

Detects DREQ by level 

1 

Detects DREQ by pulse 


Sets whether to output DACK (Note 3) 


0 

No DACK output 

1 

DACK output 


(Notel)The DIR* bit is sighificant only when single address transfer is specified in the SD* bit below. _ 

(Note2) Operations depend on transfer mode. For details, see Table 3.14 (7), DMAC register setting and address/DACK output. 
(Note3)Set the transfer source and destination data widths to same as those in the CS/w controller. When transferring data 
to/from internal memory mapped I/O (including internal I/O in single address transfer). Set the transfer data width to 
Sbits. 

(Note4)Set the transfer source and destination data widths to same as those when single address transfer is specified. 
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Channels 3 



87 

86 : 85 : 84 

83 82 

81 80 

bit Symbol 

PRI 

LV3 i 8US13 i 8US03 

DIR3 SD3 

MOD 13 j MOO03 

Read/Write 

R/W 


After reset 

0 

0 

0 0 

0 

0 

0 0 

Function 

Specifies 

channel 

priority 

0: Fixes 
channel 
priority 

1; Rotates 
channel 
priority i 

Sets DREQ 
detect 

0: Detects 
DREQ by 
level 

1: Detects 
DREQ by 
pulse 

Seti transfer source and 
destination data width 

00: Bbits for transfer source 
and ebits for transfer 
destination 

01: 1 ebits for transfer 
source and 16bits for 
transfer distination 

10: Bbits for transfer source 
iand 1 ebits for transfer 
distination 

;11: 1 ebits for transfer 
source and Bbits for transfer 
distination 

Sets 

transfer 

direction in 

single 

address 

transfer 

0: I/O 
-*MEM 

1: MEM 
-♦I/O 

Sets DMA 

transfer 

method 

0: Dual 
address 
transfer 
1; Single 
address 
transfer 

Sets DMA transfer 
mode 

00: 8yte mode 

01: Continue mode 

10: Demand mode 

11: Not defined 


L-*- Sets DMA transfer mode 


00 

Byte mode 

01 

Continue mode 

10 

Demand mode 

11 

Not defined 


Sets DMA transfer method 


0 

Dual address tranfer 

1 

Single address transfer 


Sets transfer direction in single 
address transfer (Note 1) 


0 

l/O-aMEM 

1 

MEM-M/0 


Sets transfer source and 
distination data width (Note 2) 


00 

Sbits for transfer source and distination data width 

01 

I6bit$ for transfer source and 16bits for tranfer destination 

10 

Sbits for transfer source and 16bits for transfer destination 

11 

16bits for transfer source and Sbits for transfer destination 


Sets DREQ detect by level or 


0 

Detects DREQ by level 

1 

Detects DREQ by pulse 


Specifies channel priority 


0 

Fixes channel priority; ch0>ch1 >ch2>ch3 

1 

Rotates channel priority : ch0-*ch1-Kh2-Kh3 


(Notel)The DIR* bit is sighificant only when single address transfer is specified in theSD bit below. 

(Note2)Set the transfer source and destination data widths to same as those in the CS/W controller. When transferring data 
to/from internal memory mapped I/O (including internal I/O in single address transfer), set the transfer data width to 
Sbits. 
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(6) Mode Register B, Common to All Channels 

Used to control connection between the TMP96C081 


internal I/O and DMA start request; also, the method 
for updating transfer source and destination address. 



B7 i B6 i B5 

84 B3 B2 

B1 BO 

bit Symbol 

IDRQ2* i IDRQ1* j IDRQO* 

IDRQE* i DAI* 1 DAO* 

SA1* : SAO* 

Read/Write 

m/ 


After reset 

0 I 0 I 0 

0 

o 

o 

. 

o 

o 

Function 

Specifies internal I/O and OREQ connection 
000; Requests at SlOO send end (by pulse) 
001; Requests at SlOO receive end(by level, 
released by SCOBUF read) 

010; Requests at SI01 send end (by pulse) 
Oil; Requests at SI01 receive end 

(by level, released by SCtBUF read) 

100; Requests at A/0 conversion end (by 
level, released by ADREG04H read) 

101; Requests at B-bit timer 0 time out (by 
pulse) 

110; Requests toB-bit PWM timer 2 time 
out (by pulse) 

111; Requests at 16>bittimer4 timeout (by 
pulse) 

Specifies 
interani I/O 
specified by 
the above 3 
bits and OREQ 
connection 

0; Ooesnot 
connect 
internal 

I/O to 

OREQ 

1; Connect 
internal 
IA3to 

OREQ 

Sets update method 
for transfer source 

00: Fixed mode 

01: Increment mode 

10: Decrement mode 
11: I/O mode 

(2 bytes, repeated 
access) 

Sets update mdethod 
for transfer source 
address 

00: Fixed mode 

01: Increment mode 

10: Decrement mode 
11: I/O mode 

(2 bytes, repeated 
access) 




Sets update method for transfer source 
address 


00 

Fixed mode 

01 

Increment mode 

10 

Decrement mode 

11 

I/O mode (2 bytes, repeated access) 

Sets u 
addrc 

ipdate method for transfer source 
>ss 

00 

Fixed mode 

01 

Increment mode 

10 

Decrement mode 

11 

I/O mode (2 bytes, repeated access) 


Specifies internal I/O specified by the above 3 

bits.a nd P.SEQ t o-oneicttan, 


Does not connect internal I/O to DREQ 


1 I Connect internal I/O to DREQ 


Specifies internal I/O DREQ connection (Note) 


B7 

B6 

B5 

Specifies internal I/O and DREQ connection 

Internal DACK 

0 

0 

0 

Requests at SlOO send end (by pulse) 

Yes 

0 

0 

1 

Requests at SlOO receive end (by level, released by SCOBUF read) 

Yes 

0 

1 

0 

Requests at SI01 send end (by pulse) 

Yes 

0 1 1 

Requests at SI01 receive end (by level, released by SCI BUF read) 

Yes 

1 

0 

0 

Requests at A/D conversion end (by level, released by ADREG04H read) 

Yes 

1 0 1 

Requests at 8-bit timer 0 time out (by pulse) 

No 

1 1 0 

Requests at 8-bit PWM timer 2 time out (by pulse) 

No 

1 1 1 

Requests at 16-bit timer 4 time out (by pulse) 

No 


(Note) For a reques t by pulse, set the LV* bit in the DMAMODA* register to 1; for a request by level, to 0. 
Since DACK for A/D conversion end is connected to CHO, use CHO for DMA transfer. 

ANO and AN4 of A/D converter, use AND or AN4 for DMA transfer. (selectable using ADBS register) 
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(7) Command Register, Common to All Channels tion, or software request. 

Used to control interrupt enable/disable, auto-initializa- 



B7 i B6 : BS B4 ; B3 ; B2 

B1 BO 

bit Symbol 

IMT* ITC* lEP* lER* i MAT* i RLD* 

DSREQ* ; DMAEN* 

Read/Write 

R/W 


After reset 

o 

o 

o 

0 

0 

0 

0 

Function 

Sets interrupt enable/disable for the interrupt 
source specified by each bit. 

0; Disable 

1; Enable 

B7: Data match 

86: Terminal count 

85: Compulsory stop 

B4: Error request 

Sett enable/ 
doable match 
detect 
between 

DMA transfer 
data and data 
in match 
register 

0: Disables 
match 
detect 

1: Enables 
match 
detect 

Sets enable/ 
disable auto 
nitialization 
): Disables 
auto- 

initialization 

1;Enables 

auto- 

initializatior 

Sets DMA 
transfer by 
software 

0:Does not 
request 
DMA 

transfer by 
software 

1: Requests 
DMA 

transfer by 
; software 

Sets DMA 
Start 

0; Disables 
DMA 

start 

1: Enables 
DMAE 
start 



Sets DMA START 


0 

Disables DMA start 

1 

Enables DMAE start 


*—Sets DMA transfer by soft ware 


0 

Does not request DMA transfer by software 

1 

Requests DMA transfer by software 


Sets enable/disable auto initialization (Note) 


0 

Disables auto-initialization 

1 

Enables auto-initialization 


Sets enable/ disable match detect between 
D! yi^ tran.if gr i;iat 9 an< l dgt^ ip mgA<;h„r,gfli!t|;£,r 


0 

Disables match detect 

1 

Enables match detect 


Sets interrupt enable/disable 
for the interrupt source 
specified by each bit._ 


0 

Disable 

1 

Enable 


(Note) When aulo-initialization is set, start of auto-mitiahzation can be selected depending on the interrupt source. (More than 
one interrupt source can be specified) 

For interrupt source for which aulo-initialization is enabled, to disable interrupts, sets Os in bits 7 to 4 in the DMACR* ; 
for interrupt source for which auto-initialization is disabled, to enable interrupts, set 1 s. 
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(8) Status Register B, Common to All Channels 
(* = Channel Number) 

Used to display DMA stop source or error generation, 
or whet her ther e are any sources held for internal/ 
external DREQs. 


Writing 1 in the EOP*. MAT*, TC*, or ERR* bit clears 
the DMA transfer stop source. Once EN* bit is latched. 
it is he ld until the status is cleared or reset. When 
DREQ is detected by level (by setting the LV bit in the 
mode A* register), the EN* bit must be cleared in order 
to determine the current DMA request before the sta¬ 
tus register. 



B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

bit Symbol 



EN* 

EOP* 

: MAT* 

TC* 

ERR* 

Read/Wriie 

(VW 

1 

After reset 


0 

0 

0 

0 

0 

0 

0 

Function 



Displays 
whether 
DMA start 
source is 
held 

0: Start 

source 

not held 

1: Start 

source 

held 

Displays whether DMA transfer 
stop source is generated 

0; Stop source not generated 

1: Stop source generated 

Displays 
whether 
error is 
generated 

0: Error 
not 

generat 

ed 

1; Error 
generat 
ed 


* (Write function is abailable only in bit clear mode) 


C 


Displays whether error is 
generated 


0 

Disables DMA start 

1 

Enable DMAE start 


Displays whether DMA transfer 


0 

Stop source not generated 

1 

Stop source generated 


. Displays whether DMA start 
source is held 


0 

Error not generated 

1 

Error generated 


(Note) This bit does not influence software requests. 
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Examples of program settings using DMAC 


(a) Initial setting 


LD 

SP . 

0200H 

Sets stack pointer to 200H 

MAX 




Sets maximum mode 

LD 

(BICSL 

). 

93H 

CS/U^ ENABLE, 8bit Bus & 0 wait 

LD 

(BICSH 

). 

OOH 

Addresses 10OH to7FFFH 

LD 

(P4CR 

). 

IFH 

output set 

LD 

(P4FC 

). 

IFH 

«/^set 

LD 

(PIOCR 

). 

02H 

output set 

LD 

(PIOFC 

). 

03H 

DACK0,DREQ0set 

LD 

(PllCR 

). 

lOH 

output set 

LD 

(PllFC 

). 

IFH 

io^, iOWR, TC EOP, AEN set 

LD 

(INTDMAO). 

06H 

Sets DMAC chO interrupt request level to 6 


El 6 Sets CPU interrupt receive level to6 


(b) Single address transfer start at completion of SIOOTx 
MSB 

7 6 5 4 3 2 1 0 
DMASAAO ^XXXXXXXX 
DMASABO «-XXXXXXXX 
DMASACO <-XXXXXXXX 
DMACTAO ♦•XXXXXXXX 
DMACTBO f-XXXXXXXX 
DMAMAAO ^XXXXXXXX 
DMAMABO ^-XXXXXXXX 
OMAMODEAO«- X 1 0 0 1 1 0 0 

DMAMODEBO<- 00010010 
DMACRO <-XXXXXX0X 


^ Sets transfer source address 
^ Sets number of transfers 
^ Sets data to be mached 

Pulse detect, transfer source : 8 bits transfer destination 
; 8 bits, memory I/O, single address transfer, byte mode 
Requests at completion of SIOOTx 
Does not set software request 
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(c) Single address transfer at completion of A/D conversion and continue mode start 
MSB LSB 

76543210 


DMADAAO «-XXXXXXXX 
DMADABO «-XXXXXXXX 
DMADACO ♦•XXXXXXXX 
DMACTAO 4-00000010 
DMACTBO 4-00000000 
DMAMAAO ♦-XXXXXXXX 
DMAMABO 4-xXXXXXXX 
DMAMODEA04- XOOOOIOI 

DMAMODEB04- 10010001 
□MACRO 4-xXXXXXOX 


^ Sets transfer source address 

^ Sets number of transfers to 2 
^ Sets data to be matched 

Level detect, transfer source ; 8 bits transfer destination : 
8 bits, I/O memory, single address transfer, continue mode 
Requests at completion of A/D conversion 
Does not set software request 


(d) Dual address transfer at completion of A/D conversion and continue mode start 
(update method : I/O mode) 

MSB LSB 

76543210 


DMASAAO 4-01100000 
DMASABO 4-00000000 
DMASACO 4-00000000 
DMADAAO 4-XXXXXXXX 
DMADABO 4-XXXXXXXX 
DMADACO 4-XXXXXXXX 
DMACTAO 4-00000010 
DMACTBO 4-00000000 

DMAMAAO 4-XXXXXXXX 
DMAMABO 4-XXXXXXXX 
DMAMODEA04- XOOOXOOl 

DMAMODEB04- 1 0 0 1 X X 1 1 

□MACRO 4-xXXXXXOX 


Sets A/D register address 
^ Sets transfer destination address 

> Sets number of transfers to 2. (Even number must be set 
because ADREG04L and ADREG04H must be read in two 
bytes.) 

^ Sets data to be matched 

Level detect, transfer source : 8 bits -♦ transfer destination : 8 
bits, dual address transfer, continue mode 
Requests at completion of A/D conversion. Transfer source : 
I/O mode 

Does not set software request 
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(e) DMA start at 1 B-bit timer 4 time out, and overwrite of timer register 

Dual address transfer, transfer source : 16 bitstransfer destination : 8 bits 
Note ; In this case, CS at the transfer source must be set to 16 bits. 



MSB 


7 

DMASAAO 

X 

OMASABO 

X 

DMASACO 

X 

DMADAAO 

♦- 0 

DMADABO 

0 

DMADACO 

0 

DMACTAO 

^ X 

DMACTBO 

X 

DMAMAAO 

X 

DMAMABO 

X 

DMAMODEA0<- X 


LSB 


5 4 3 2 1 0 
X X X X X X 
X X X X X X 
X X X X X X 
1 1 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
11X000 


^ Sets transfer source address 
^ Sets timer register address 


> 

> 


Sets number of transfers 
Sets data to be matched 

Pulse detect, transfer source : 16 bits -> transfer destination : 


8 bits, byte mode 


DMAMODEB0<- 11111101 Starts at 16-bit timer 4 time out. 

Transfer source : I/O mode 
Transfer destination ; increment mode 
□MACRO ♦■XXXXXXOX Does not set software request 
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DMA Cycle Timing state dummy cycle may insert to bus cycle. 

When bus cycle return to CPU cycle from DMA cycle, 2 


DREQ timing, common to single and dual address transfers 




CLK -1, rni 

nr—-y-nrnrnf—rnrnr 



BUS A X CPU I CPU 

X CPU X DMA X DMA (CPU) X 



BUSB X CPU X CPU 

1 _ X _CPU_ X _CPU_ X DMA _X_ 

__ .A... 

DREQ \ 

A B 


DACK 


AEN _/[ 


( ); in byte 
mode 


Omitted in byte 
mode 
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DREQ release : single address transfer, bvte mode 



~T~\ r~i x 

p. _ . i i T~1 X X x~ 



DMA i CPU X DMA 

I CPU X CPU X CPU X CPU 



i DMA i CPU X DM/S 

{ I CPU X DMA X CPU X CPU 


DREQ / 7 

a“'‘b 

j -\_ r 

^ _ I -^ 

_ I -V 


DACK 
AEN _J' 
TC 


DREQ release : single address transfer, demand and continue modes 




CLK “K- i -1- K - 

[X - X - r-r-Trnrnrnrnr 



BUS A X DMA \ DMA X 

DMA X CPU X CPU k CPU X CPU 

0«,,.nd 


BUS B X DMA X DMA { 

DMA X DMA X CPU K CPU X CPU 



mode BUS X DMA X DMA X 

i DMA X DMA X DMA X DMA X CPU 


DREQ _; 

a'“'b 

DA« _ [ 


AEN \ .\ 

TC_ I - 
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CLK 


DREQ 


DREQ release: 

dual address transfer, bvte mode 

^/^MAvTLrw^LTLAAAAAAAAA/^- 


n rnrr rni * rni i 




[X CPU i CPU I CPU I CPU I CPU X 






JZJ 


DACk 


AEN _/“ 

TC __ 


S 


■V. 


DREQ release : dual address transfer, demand and continue modes 



CLK 

n » rnrnrnrnrnrnrnrnrnr^ 

BUS A t DMA{WR) X DMA(RD) t 

DMA{WR) X CPU X CPU X CPU. 1 CPU X CPU X 

BUSB "Tt DMA(WR) X DMA(RD) t 

DMA(WR) X DMA(RD) X DMA(WR) X CPU X CPU X CPU X 

Continue mode | dMA(WR) X DMA(RD) V 

i OMA(WR) X OMA(RD) X DMA(WR) X DMA(RD) X DMA(WR) X CPU X 


DREQ _ / 

09mmn4 A B 


DACK 


f. 


AEN 

TC 


-V 

J -V 
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End of process (EQP): single address transfer 


X' J^AvTLrLTU^AAAAAAAA- 


BvtemodeBUSA j[ DMA )[ CPU 

X DMA X CPU X CPU X CPU X 



Demand/ BUS B J DMA (WR) K DMA (RD) 

i DMA(WR)X CPU X CPU X 

DREQ 


A,. 


DACK ^ 1 

1 ' 1 

B 

\ 

AEN J I\B 

V / \ 


1 

E5P \ _ 

J / 


End of process OSOf^): dual address transfer 


X' _aaaaaj 

■^LTVAAAAAA- 

CLK i rn r~ 

j i r~i t t t 



BvtemodeBUSA t dma(wr) 

X CPU i CPU i CPU X 



Demand/ BUS B J DMA (WR) )[ DMA(RD) 

X DMA(WR)X CPU X CPU X 




A. ___ 


I ' .^8 

AEN 

T""' '1.**B 

\ a\ 

EOF \_ 

\ / 
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MATCH (second byte is used for match): single address transfer 


CLK 


XIXI 

inr 

Tl— 

-rnr— 

T~T~ 

X 









Byte mode BUS A 


. X 

DMA X 

CPU X 

DMA X 

CPU 1 

CPU 








Demand/ BUS B 

□c 

_££li_C 

DMA r 

DMA f 

DMA f 

_cpu_JL 

CPU 


DREQ 


DACK 

-\_ 

iB 

\ 

_ 1 


aen_ I I \ . I V 


MATCH (second byte is used for match): dual address transfer 


CLK 


~T~\ t y i ita r 

X X X X X 





Byte mode BUS A 

IDc 

CPU X DMA(RD) X DMA(WR) X CPU 

X DMA (RD) X DMA{WR) X CPU 





Demand/ BUS B 

□c 

CPU X DMA(RD) X DMA(WR) t DMA(RD) 

T( DMA<WR) X CPU X CPU 


DREO _ 

DACk \_ 

B 

AEN _ I X 
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Auto initialization (TC = 1 or 2. match or no match): single address transfer 

XI -rvAAAAAA>rv/\>rv/\/\»rL 


IIDCZXZrilZTIIIDCZIIDCZr^ 

Df^O _ 


Byte mode BUS 

□C 

CPU 

IE 

DMA 

X 

CPU 

X 

DMA 

X 

CPU 

X 

DMA 

“K ' 



TC 




/—y 



t—y 



f- 


no match 

















(match detected ir 

'BUS 

DC 

CPU 

□c 

DMA 

X 

CPU 

X 

CPU 

X 

DMA 

X 

CPU 

xz 

TC = 2. 


TC 














match 
detected in 
first byte 
















demand/ 

BUS 

IE 

CPU 

□c 

DMA 

X 

CPU 

X 

DMA 

X 

CPU 

X 

DMA 

xz 

TC= 1, 
no match 


TC 







/—I 



_j- 


















continue mode 

BUS 

□C 

CPU 

X 

DMA 

X 

DMA 

X 

CPU 

X 

DMA 

X 

DMA 

xz' 

TC = 2. 
match 
detected in 

(match detected ii 
first byte) 
















TC 






1 \ 





/ 


first byte 

















continue mode 

BUS 

□C 

CPU 

X 

DMA 

X 

DMA 

X 

CPU 

X 

CPU 

X 

DMA 

XI 

TC = 2, 

(match detected m 
first and second bytes) 

TC 













match 

detected in 

first and 


second bytes 


Auto initialization (TC = 1): dual address transfer 

xi -TVAAAAAAAAAAA- 

CLK 

Byte mode BUS ~T [ CPU "Hi DMA(RD) I DMA(WR) j CPU X DMA(RD) i PMA(WR) f 
^ ^ "H f CPU X DMA(RD) I DMA(WR) X CPU t DMA(RD) I DMA(WR) T 


DREQ _ 

TC_ r\ 
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Priority order when transferring in byte mode (CD Rotate mode, (g) Fixed mode) 



CPU fc^DMAcifc^DMA ijf CPU i 
CPU fCPUypMAcfC^DMACyCPUT f 


Priority order when transferring in demand and continue mode 
(Auto initialization ® Rotat^ 0 Fixed mode, when TC = 1) 



AEN _ f 



BUSO) CPU TCPUKDMAcKDMACyCPUKDMAiy 

BUS(Z^ CPU "n(CPUl[DMA3t3MAOfCPU)(DMAC| ( 
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Priority order between BUSR^ and DREO when transferring in byte mode 




DACK 

AEN _ 

BUSA CPU “V - 


BUSB CPU I 


CPU 


"T ( dma) « • 


CLK 


BUSRQ J 

HH 


M— 


Hlffi 

KHmii 




L . 

jgm 

BASACk \ 

U— 

. 



If BUSRQ and DREQ are generated at sampling, BUSRQ has the 
priority over DREQ 
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Because other channel's DREQ is sampled at the DMA las t trans fer cycle, BUSRQ has the 
priority even if BUSRQ is generated after other channel's DREQ Is generated. 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-621 







TMP96C081F 


TLCS-900 16-bit Microcontroller 


4. Electrical Characteristics 
4.1 Absolute Maximum (TMP96C081F) 


Symbol 

Parameter 

Rating 

Unit 

Vcc 

Power Supply Voltage 

-0.5 ~ 6.5 

V 

VIN 

Input Voltage 

-0.5 ~ Vcc+ 0.5 

V 

XIOL 

Output Current (total) 

100 

mA 

ZlOH 

Output Current (total) 

-100 

mA 

PD 

Power Dissipation (Ta = 70°C) 

600 

mW 

TSOLDER 

Soldering Temperature (10s) 

260 

°C 

TSTG 

Storage Temperature 

-65-150 

°C 

TOPR 

Operating Temperature 

-20-70 

“C 
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4.2 DC Characteristics (TMP96C081F) 

Vcc = 5V ± 10%, Ta = -20 ~ 70°C (Typical values are for Ta = 25°C and = 5V) 


Symbol 

Parameter 

Min 

Max 

Unit 

Test Condition 

VIL 

Input Low Voltage (ADO-15) 

-0.3 

0.8 

V 


VIL1 

P2, P3. P4. P5. P6, P7, P8, P9, PA. PB 

-0.3 

0.3Vcc 

V 


VIL2 

RESET. NMI, INTO (P87) 

-0.3 

0.25Vcc 

V 


VIL3 

AM8/i6 

-0.3 

0.3 

V 


VIL4 

XI 

-0.3 

0.2Vcc 

V 


VIH 

Input High Voltage (ADO-15) 

2.2 

Vcc + 0.3 

V 


VIH1 

P2. P3. P4. P5. P6. P7. P8. P9. PA. PB 

O.TVeo 

Vcc + 0.3 

V 


VIH2 

RESET. NMI. INTO (P87) 

0.75Vcc 

Vcc + 0.3 

V 


VIH3 

AM8/i6 

Va-0.3 

Vcc + 0.3 

V 


VIH4 

XI 

0.8Vcc 

Vcc + 0.3 

V 


VOL 

Output Low Voltage 


0.45 

.V. 

I0L = 1.6mA 

VOH 

Output High Voltage 

2.4 


V 

IOH = -40()mA 

V0H1 


0.75Vcc 


V 

IOH = -100pA 

V0H2 


0.9Vcc 


V 

IOH=-20mA 

IDAR 

Darlington Drive Current 

-1.0 

-3.5 

mA 

VEXT = 1.5V 

(8 Output Pins max.) 

REXT = 1.1kQ 

I LI 

Input Leakage Current 

0:02(Typ) 

+5 

mA 

0.0<Vi„<Vcc 

ILO 

Output Leakage Current 

0.05 (Typ) 

±10 

pA 

0.2<Vin^Vcc-0.2 


Operating Current (RUN) 

IDLE 

26(Typ) 

..50. 

10 

mA 

mA 

fosc = 16MHz 

I cc 

STOP(Ta = -20~70°C) 

1.7 (Typ) 

0.2 (Typ) 

50 

mA 

0.2^Vin^Vcc-0.2 


STOP (Ta = 0~50°C) 

10 

HA 

0.2^Vin^Vcc-0.2 

VSTOP 

Power Down Voltage 

2.0 

6.0 

V 

VIL2 = 0.2Vcc. 

(©STOP. RAM Back up) 


VIH2 = 0.8Vcc 

RRST 

RESET Pull Up Register 

50 

150 

KQ 


CIO 

Pin Capacitance 


10 

PF 

tosc = 1MHz 

VTH 

Schmitt Width 

RESET. NMI. INTO (P87) 

0.4 

1.0 (Typ) 

V 


RK 

Pull Down/Up Register 

50 

150 

KQ 



Note: l-DAR is guaranteed for a total of up to 8 ports. 
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TLCS-900 16-blt Microcontroller 


4.3 AC Electrical Characteristics (TMP96C081F)Vcc = 6V±10%,Ta =-20 - 70°C (4MHz ~ 20MHz) 


No. 

Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

.. 

Min 

Max 

1 

tosc 

Osc. Period (= x) 

62.5 

250 

62.5 


50 


ns 

2 

tCLK 

CLK width 

2X-40 


85 


60 


ns 

3 

tAK 

A0-23Valid-»CLKHold 

0.5X-20 


11 


5 


ns 

4 

tKA 

CLKValid-^AO-23 Hold 

1.5X-70 


24 


5 


ns 

5 

Ul 

AO-15 Valid->ALE fall 

0.5X-15 


16 


10 


ns 

6 

^LA 

ALEfalUA0-15Hold 

0.5X-15 


16 


10 


ns 

7 

tu 

ALE High width 

x-40 


23 


10 


ns 

8 

^LC 

ALE fall->RD/WR fall 

0.5X-30 


1 


-5 


ns 

9 

^CL 

^/WR rise->ALE rise 

0.5X-20 


11 


5 


ns 

10 

^ACL 

A0-15Valid->RD/P[fall 

x-25 


38 


25 


ns 

11 

UCH 

A0-23Valid-^RD/WRfall 

1.5X-50 


44 


25 


ns 

12 

^CA 

^/WRrise-^AO-23 Hold 

0.5X-20 


11 


5 


ns 

13 

koi 

A0-15Valid-^D0- 15input 


3.0X-45 


143 


105 

ns 

14 

^ADH 

A0-23Valid-^D0-15input 


3.5X-65 


154 


110 

ns 

15 

^RD 

^fall^DO-15 input 


2.0X-50 


75 


50 

ns 

16 

^RR 

RDLow width 

2.0X-40 


85 


60 


ns 

17 

^HR 

^rise->D0-15Hold 

0 


0 


0 


ns 

18 

^RAE 

M rise->A0 -15 output 

x-15 


48 


35 


ns 

19 

tww 

WRLow width 

2.0X-40 


85 


60 


ns 

20 

bw 

D0-15Valid->WRrise 

2.0X-50 


75 


50 


ns 

21 

two 

WRrise-^D0-15Hold 

0.5X-10 


21 


15 


ns 

22 

Ueh 

AO - 23 Valid->WAiT input (1 WAIT + n mode) 


3.5X-90 


129 


85 

ns 

23 

UWL 

AO -15 Valid-^WAff input (1WAIT + n mode) 


3.0X-80 


108 


70 

ns 

24 

^CW 

Wm fall-^WM Hold (1 WAIT + n mode) 

2.0X + 0 


125 


100 


ns 

25 

Uph 

AO - 23 Valld->PORT input 


2.5X-120 


80 


36 

ns 

26 

UpH2 

AO-23Valid->PORTHold 

2.5X + 50 


206 


175 


ns 

27 

kp 

WRrise^PORT Valid 


200 


200 


200 

ns 

28 

USRH 

A0-23Valid->RASfall 

I.Ox-40 


23 


10 


ns 

29 

USRL 

A0-15Valid->^fall 

0.5X-15 


16 


10 


ns 

o 

CO 

^RAC 

^fall-^DO-15 input 


2.5X-70 


130 


86 

ns 

31 

^RAH 

RASfalUA0-15Hold 

0.5X-15 


16 


10 


ns 

32 

Iras 

RAS Low width 

2.0X-40 


85 


60 


ns 

33 

Irp 

RAS High width 

2.0X-40 


85 


60 


ns 

34 

Irsh 

CAS fall—>RAS rise 

I.Ox-35 


28 


15 


ns 

35 

Irsc 

RAS rise->cS rise 

0.5X-25 


6 


0 


ns 

36 

Ircd 

Mfall->C^fall 

I.Ox-40 


23 


10 


ns 

37 

ICAC 

^fall-^DO-15 input 


1.5X-65 


29 


10 

ns 

38 

tCAS 

CAS Low width 

1.5X-30 


64 


45 


ns 


AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF____ 

(However CL = 100pF for ADO ~ AD15. ADO ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO ~ CAS2) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

HighO.SVcc /Low 0.2Vcc (Except for ADO ~ AD 15) 
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TLCS-900 16-bit Microcontroller 


(2) Write Cycle 
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4.3.2 Serial Channel Timing - I/O Interface Mode 

Vcc = 5V±10% TA = -20 ~ 70°C (4MHz ~ 20MHz) 


Number 

— 

Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

1 

toK 

DACKvalid^CLK hold 

0.5X-20 


11 


5 


ns 

2 

tKD 

CLKvalid-^DACK hold 

1.5X-70 


24 


5 


ns 

3 

Uek 

AEN valid^CLK hold 

0.5X-20 


11 


5 


ns 

4 

^KAE 

CLKvalid~>AEN hold 

1.5X-70 


24 


5 


ns 

5 

^ILC 

ALE fall-^iORD/JOWR fall 

0.5X-30 


1 


-5 


ns 

6 

^DK 

M/]OWRrise->ALE rise 

0.5X-20 


11 


5 


ns 

7 

^KD 

AO-15valid->IORD/IOWRfall 

x-25 


38 


25 


ns 

8 

^AEK 

A0-23valid^]0RD/i0WRfall 

1.5X-20 


44 


25 


ns 

9 

^KAE 

IORD/IOWRrise-^AO-23 hold 

0.5X-20 


11 


5 


ns 

10 

kc 

IORDfall->DO-15 input 


2.0X-50 


75 


50 

ns 

11 

kci 

lOWR low->puise width 

2.0X-40 


85 


60 


ns 

12 

t|ACH 

iORD rise->D0 -15 hold 

0 


0 


0 


ns 

13 

t|RAE 

lORD fall->A0 -15 output 

x-15 


48 


35 


ns 

14 

t|ww 

lOWR low->pulse width 

2.0X-40 


85 


60 


ns 


AC Measuring Conditions 

• Output Level: High 2.2V /Low 0.8V, CLSOpF 

(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE. lORD, lOWR, CLK, AEN, DACKO ~ DACK3) 

• Input Level: High 2.4V /Low 0.45V (ADO ~ AD15) 

High 0.8VCC /Low 0.2Vcc (Except for ADO ~ ADI 5) 
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(1) DMA Cycle 
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4.4 A/D Conversion Characteristics (TMP96C081F) 

Vcc = 5V±10%TA = -20 - 70°C 


Symbol 

Parameter 

Min 

Typ 

Max 

Unit 

Vref 

Analog reference voltage 

Vcc-1.5 

Vcc 

Vcc 

V 

Agnd 

Analog reference voltage 

Vss 

Vss 

Vss 

Vain 

Analog input voltage range 

Vss 


Vcc 

•ref 

Analog current for analog reference voltage 


0.5 

1.5 

mA 

Error 

(Quantize error of 
dfl.5 LSB not included) 

Total error 

(TA = 25°C. Vcc = Vref = 5.0V) 



±4.0 

LSB 

Total error 



±6.0 


4.5 Serial Channel Timing - I/O Interface Mode 

Vcc = 5V±10% TA = -20 - 70°C 


(1) SCLK Input Mode 


Symbol 

— 

Parameter 

Variable 

16MHz 

_ 

20MHz 

_ 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tsCY 

SCLK cycle 

16x 


1 


0.8 


MS 

toss 

Output Data-^rising edge of SCLK 

tscY/2-5x-50 


137 


100 


ns 

tons 

SCLK rising edge^output data hold 

5X-100 


212 


150 


ns 

thSR 

SCLK rising edge-^input data hold 

0 


0 


0 


ns 

tsRD 

SCLK rising edge->effective data input 


tscY-5x-100 


587 


450 

ns 


(2) SCLK Output Mode 


Symboi 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tsCY 

SCLK cycle (programmable) 

16x 

8192X 

1 

512 

0.8 

409.6 

MS 

toss 

Output Data^rising edge of SCLK 

tscY"2x-150 


725 


550 


ns 

tons 

SCLK rising edge^output data hold 

2X-80 


45 


20 


ns 

thSR 

SCLK rising edge->input data hold 

0 


0 


0 


ns 

tsRD 

SCLK rising edge-^effective data input 


tscY-2x-150 


725 

_i 


550 

ns 


4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 

Vcc = 5V±10% TA = -20 - 70°C 


Symboi 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tvCK 

Clock cycle 

8X + 100 


600 


500 


ns 

VCKL 

Low level clock pulse width 

4x + 40 


290 


240 


ns 

tvCKH 

High level clock pulse width 

4x + 40 


290 


240 


ns 
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TLCS-900 16-bit Microcontroller 


4.7 Interrupt Operation 

Vcc = 5V±10%Ta = -20 - 70°C 


Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

tiNTAL 

Wi\, INTO Low level pulse width 

4x 


250 


200 


ns 

tiNTAH 

NMi, INTO High level pulse width 

4x 


250 


200 


ns 

tiNTBL 

INT4 ~ INT7 Low level pulse width 

8X + 100 


600 


500 


ns 

tiNTBH 

INT4 ~ INT7 High level pulse width 

8X + 100 


600 


500 


ns 
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TLCS-900 16-bit Microcontroller 


4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 


CLK 

BUSRQ 

BUS^ 

AD0~AD15 

A16-A23 

WR 

CSd-CM, 

RA/V/RAS, 

CASd~CAS4 



Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

^BRC 

BUSRQ setup time for CLK 

120 


120 


120 


ns 

fcBAL 

CLK-^BUSAK falling edge 


1.5X + 120 


245 


220 

ns 

^CBAH 

CLK^BUSAK rising edge 


0.5X + 40 


71 


65 

ns 

Uba 

Floating time to BUSAK fall 

0 

80 

0 

80 

0 

80 

ns 

^BAA 

Floating time to BUSAK rise 

0 

80 

0 

80 

0 

80 

ns 


Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0” during “Wait” cycle. 

Note 2: The built-in programmable pull-down register is always provided. 

Note 3: The built-in programmable pull-up register is always provided. 

Although CS2/CAS2 pin does not have programmable pull-up register, the built-in pull-up register is always supported with a bus release. 
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4.10 DMAC 


Number 

Symbol 

Parameter 

Variable 

16MHz 

20MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

1 

^DRW 

DREQ low->Pulse width (input) 

2x 


250 


100 


ns 

2 


CLKvalid-^DM fall (input) 





80 


ns 

3 

^DCH 

CLK valid->DREQ rise (input) 



0 


0 


ns 

4 

^DDRC 

Mq fall (input)^CLK valid 
(Receiving DREQ in demand mode) 



0 


0 


ns 

5 

^DDCH 

CLK valid->DREQ rise (input) 

(Receiving DREQ in demand mode) 



0 


0 


ns 

6 

^DDQH 

DREQ rise (input)-»CLK valid 
(Canceling DREQ in demand mode) 



0 


0 


ns 

7 

toDQC 

CLK valid-^DREQ high hold (input) 

(Canceling DREQ in demand mode) 



0 


0 


ns 

8 

^KT 

CLKvalid->TC rise (output) 

x-25 


38 


25 


ns 

9 

^TK 

CLK valid->TC fall (output) 

1.5X-70 


24 


5 


ns 

10 

^EOC 

CLK valid->E0P fall (input) 



40 


40 


ns 

11 

kOH 

CLK valid->EOP rise (input) 



0 


0 


ns 
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4.10 DMA Tinning Chart 
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5. Table of Special Function Registers 

(SFR; Special Function Register) 

The special function registers (SFRs) include the I/O ports 
and peripheral control registers allocated to the 128-byte 
addresses from OOOOOOH to CXX)07FH. 


(1) I/O port 

(2) I/O port control 

(3) Timer control 

(4) Pattern Generator control 

(5) Watch Dog Timer control 

(6) Serial Channel control 

(7) A/D converter control 

(8) Interrupt control 

(9) Chip Select/Wait Control 


Configuration of the table 


Symbol 

Name 

Address 


LidJl 

\ ^ \ 0 





/ M .. 


-►bit Symbol 
-►Read/Write 
•►Initial value afrer reset 
►Remarks 
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TLCS-900 16-bit Microcontroller 


Table 5 I/O Register Address Map (1/2) 


Address 

Name 

Address 

Name 

Address 

Name 

Address 

Name 

OOOOOOH 


20H 

TRUN 

40H 

TREG6L 

60H 

ADREGOL 

1H 


21H 


41H 

TREG6H 

61H 

ADREGOH 

2H 


22H 

TREGO 

42H 

TREG7L 

62H 

ADREG1L 

3H 


23H 

TREG1 

43H 

TREG7H 

63H 

ADREG1H 

4H 


24H 

TMOD 

44H 

CAP3L 

64H 

ADREG2L 

5H 


25H 

TFFCR 

45H 

CAP3H 

65H 

ADREG2H 

6H 

P2 

26H 

TREG2 

46H 

CAP4L 

66H 

ADREG3L 

7H 

P3 

27H 

TREG3 

47H 

CAP4H 

67H 

ADREG3H 

8H 

P2CR 

28H 

POMOD 

48H 

T5M0D 

68H 

BOCSL 

9H 

P2FC 

29H 

P1M0D 

49H 

T5FFCR 

69H 

B1CSH 

AH 

P3CR 

2AH 

PFFCR 

4AH 

B4CSL 

6AH 

B1CSL 

BH 

P3FC 

2BH 


4BH 

B4CSH 

6BH 

B1CSH 

CH 

P4 

2CH 


4CH 

PGOREG 

6CH 

B2CSL 

DH 

P5 

2DH 


4DH 

PG1REG 

6DH 

B2CSH 

EH 

P4CR 

2EH 


4EH 

PG01CR 

6EH 

B3CSL 

FH 


2FH 


4FH 


6FH 

B3CSH 

10H 

P4FC 

30H 

TREG4L 

50H 

SCOBUF 

70H 

INTEOAD 

11H 


31H 

TREG4H 

51H 

SCOCR 

71H 

INTE45 

12H 

P6 

32H 

TREG5L 

52H 

SCOMOD 

72H 

INTE67 

13H 

P7 

33H 

TREG5H 

53H 

BROCR 

73H 

INTET10 

14H 

P6CR 

34H 

CAP1L 

54H 

SC1BUF 

74H 

INTEPW10 

15H 

P7CR 

35H 

CAP1H 

55H 

SC1CR 

75H 

INTET54 

16H 

P6FC 

36H 

CAP2L 

56H 

SCI MOD 

76H 

INTET76 

17H 

P7FC 

37H 

CAP2H 

57H 

BR1CR 

77H 

INTESO 

18H 

P8 

38H 

T4M0D 

58H 

ODE 

78H 

INTES1 

19H 

P9 

39H 

TFF4CR 

59H 


79H 

INTDMAO 

1AH 

P8CR 

3AH 

T45CR 

5AH 


7AH 

INTDMA1 

1BH 

P9CR 

3BH 


5BH 


7BH 

IIMC 

1CH 

P8FC 

3CH 

PACR 

5CH 

WDMOD 

7CH 

DMAOV 

1DH 

P9FC ' 

3DH 

PBCR 

5DH 

WDCR 

7DH 

DMA1V 

1EH 

PA 

3EH 

PAFC 

5EH 

ADMOD 

7EH 

DMA2V 

1FH 

PA 

3FH 

PBFC 

5FH 

ADBS 

7FH 

DMA3V 
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Table 5 I/O Register Address Map (2/2) 


Address 

Name 

Address 

Name 

Address 

Name 

Address 

Name 

000080H 

DMASAAO 

AOH 

DMASAA2 

COH 


EOH 


81H 

DMASABO 

A1H 

DMASAB2 

C1H 


E1H 


82H 

DMASACO 

A2H 

DMASAC2 

C2H 


E2H 


83H 


A3H 


C3H 


E3H 


84H 

DMADAAO 

A4H 

DMADAA2 

C4H 


E4H 


85H 

DMADABO 

ASH 

DMADAB2 

C5H 


E5H 


86H 

DMADACO 

A6H 

DMADAC2 

C6H 


E6H 


87H 


A7H 


C7H 


E7H 


88H 

DMACTAO 

A8H 

DMACTA2 

C8H 


E8H 


89H 

DMACTBO 

A9H 

DMACTB2 

C9H 


E9H 


8AH 

DMAMAAO 

AAH 

DMAMAA2 

CAH 


EAH 


8BH 

DMAMABO 

ABH 

DMAMAB2 

CBH 


EBH 


8CH 

DMAMODEAO 

ACH 

DMAMODEA2 

CCH 


ECH 


8DH 

DMAMODEBO 

ADH 

DMAM0DEB2 

CDH 


EDH 


8EH 

DMACRO 

AEH 

DMACR2 

CEH 


EEH 


8FH 

DMASTO 

AFH 

DMAST2 

CFH 


EFH 


90H 

DMASAA1 

BOH 

DMASAA3 

DOH 


FOH 


91H 

DMASAB1 

B1H 

DMASAB3 

D1H 


F1H 


92H 

DMASAC1 

B2H 

DMASAC3 

D2H 


F2H 


93H 


B3H 


D3H 


F3H 


94H 

DMADAA1 

B4H 

DMADAA3 

D4H 


F4H 


95H 

DMADAB1 

B5H 

DMADAB3 

D5H 


F5H 


96H 

DMADAC1 

B6H 

DMADAC3 

D6H 


F6H 


97H 


B7H 


D7H 


F7H 


98H 

DMACTA1 

B8H 

DMACTA3 

D8H 


F8H 


99H 

DMACTB1 

B9H 

DMACTB3 

D9H 


F9H 


9AH 

DMAMAA1 

BAH 

DMAMAA3 

DAH 


FAH 


9BH 

DMAMAB1 

BBH 

DMAMAB3 

DBH 


FBH 


9CH 

DMAM0DEA1 

BCH 

DMAM0DEA3 

DCH 


FCH 


9DH 

DMAM0DEB1 

BDH 

DMAMODEB3 

DDH 


FDH 


9EH 

DMACR1 

BEH 

DMACR3 

DEH 


FEH 


9FH 

DMAST1 

BFH 

DMAST3 

DFH 


FFH 
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(1) I/O Port (1/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 


1 

0 

P2 

P0RT2 

06H 

P27 

P26 

P25 

P24 

P23 


P21 


R/W 

Input mode 

0 

0 

0 

0 

0 




P3 

PORTS 

07H 

P37 

P36 

P35 

P34 

P33 


P31 


R/W 

Input mode 


1 

1 

1 

1 

1 


1 

1 

P4 

P0RT4 

OCH 




P44 

P43 


P41 





R/W 




Input mode 







1 

1 

P5 

PORTS 

ODH 



P55 

P54 

P53 






R 



Input mode 

P6 

PORTS 

12H 

P67 

P66 

P65 

P64 

P63 




R/W 

Input mode 

1 

1 

1 

1 

1 

1 

1 

1 

P7 

P0RT7 

13H 





P73 


P71 






R/W 





Input mode 





1 

1 

1 

1 

P8 

PORTS 

18H 

P87 

P86 

P85 

P84 

P83 


P81 


R/W 

Input mode 

1 

1 

1 

1 

1 

1 

1 

1 

P9 

P0RT9 

19H 



P95 

P94 

P93 


P91 




R/W 



Input mode 



1 

1 

1 

1 

1 

1 
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(1) I/O Port (2/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

PA 

PORTS 

18H 

P107 

P106 

P105 

P104 

P103 

PI 02 

P101 

P100 

R/W 

Input mode 

1 

1 

1 

1 

1 

1 

1 

1 

PB 

P0RT9 

19H 

P117 

P116 

P115 

P114 

P113 

P112 

Pill 

P110 



R/W 



Input mode 



1 

1 

1 

1 

1 

1 


Note: Clearing the output latch register RDFC to “0" outputs the RD strobe from RD pin for PSRAM, even when the internal address is accessed. If the out¬ 
put latch register RDFC remains “1 ”, the RD strobe is output only when the external address is accessed. 

Read/Write R/W ; Either read or write is possible 

R : Only read is possible 

W : Only write is possible 

Prohibit RWM ; Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCF Instruction) 


(2) I/O Port Control (1/3) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

P2CR 

P0RT2 

Control 

08H 

(Prohibit 

RMW) 

P27C 

P26C 

P25C 

P24C 

P23C 

P22C 

P21C 

P20C 

W 

0 

0 

0 

0 

0 

0 

0 

0 

«Refer to the “P2FC”» 

P2FC 

P0RT2 

Function 

09H 

(Prohibit 

RMW) 

P27F 

P26F 

P25F 

P24F 

P23F 

P22F 

P21F 

P20F 

W 

0 

0 

0 

0 

0 

0 

0 

0 

P2FC/P2CR = 00: IN. 01: OUT, 10: A7 - 0.11: A23 -16 

P3CR 

P0RT3 

Control 

OAH 

(Prohibit 

RMW) 

P37C 

P36C 

P35C 

P34C 

P33C 

P32C 



W 

0 

0 

0 

0 

0 

0 



0;IN1:OUT 

P3FC 

P0RT3 

Function 

OBH 

(Prohibit 

RMW) 

P37F 

P36F 

P35F 

P34F 


P32F 

P31F 

P30F 

w 1 

0 

0 

0 

0 


0 

0 

0 

0; PORT 
1;RAS 

0: PORT 

1 :R/W 

0; PORT 

1:BUSAK 

0: PORT 

1:BUSRQ 


0: PORT 
I.HWR 

0: PORT 
1:WR 

0: PORT 
1:RD 

P4CR 

P0RT4 

Control 

OEH 

(Prohibit 

RMW) 




P44C 

P43C 

P42C 

P41C 

P40C 




W 1 




0 

. 

0 

0 

0 




0; IN 1: OUT 

P4FC 

P0RT4 

Function 

1 10H 

(Prohibit 

RMW) 




P44F 

P43F 

P42F 

P41F 

P40F 




W 





0 

0 

0 

0 




0:PORT1:CS/CAS 


Note: With the TMP96C141yTMP96C141A/TMP96C041 A, which requires an external ROM. PORTO functions as ADO to AD7: PORT1, AD8to AD15: P30. 
the RD signal; P31, the WR signal, regardless of the values set in POOR, P1CR, P1FC, P30F and P31F. 
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(2) I/O Port Control (3/3) 





7 

6 

5 * 

4 

3 

2 

1 

0 







PA4F 





PAFC 

PORTA 

Function 

3EH 

w 

(Prohibit 

BMW) 



0 





0 



0; PORT 

1: DACK3 

0:PORT 

1:DREQ3 

0: PORT 

1: DACK2 

0: PORT 

1: DREQ2 

0: PORT 

1: DACK1 

O.PORT 

1:DREQ1 

0: PORT 

1 : DACKO 

0 ; PORT 

1 : DREQO 







PB4F 

PB3F 

PB2F 

PB1F 

PBOF 


PORTB 

Function 

3FH 

W 

PBFC 

(Prohibit 

BMW) 

0 

0 

0 

0 


0 

0 

0 






0 : PORT 

1: lOWR 

0: PORT 

1; lORD 

O-.PORT 

1:TC 

0: PORT 
1:E0P 

0; PORT 
1:AEN 


(3) Timer Control (1/4) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

TRUN 

Timer 

Control 

20H 

PRRUN 


T5RUN 

T4RUN 

PI RUN 

PORUN 

T1RUN 

TORUN 

R/W 


m 1 

0 


0 

0 

0 

0 

0 

0 

Prescaler and Timer Run/Stop CONTROL 

0: Stop and Clear 

1: Run (Count up) 

TREGO 

8bit Timer 
Register 0 

22H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG1 

8bit Timer 
Register 1 

23H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TMOD 

8bit Timer 
Source CLK 
and MODE 

24H 

(Prohibit 

RMW) 

T10M1 

T10M0 

PWMM1 

PWMMO 

T1CLK1 

T1CLK0 

T0CLK1 

TOCLKO 

W 

0 

0 

0 

0 

0 

0 

0 

0 

00 ; 8bit Timer 

01:16bit Timer 

10; 8bitPPG 

11; 8bitPWM 

00: - 

01:2®-1 PWM 

10:2^-1 

11:2®-1 

OO-.TOOTRG 

01; 0T1 

10; 0T16 

11; 0T256 

00;TI0 Input 

01; 0T1 

10; 0T4 

11;0T16 

TFFCR 

8bit Timer 
Flip-flop 
Control 

I - 

25H 




DBEN 

TFF1C1 

TFF1C0 

TFF1IE 

TFF1IS 




R/W 

W 

R/W 




0 

0 

0 

0 

0 




1; Double 
Buffer 
Enable 

00; Invert TFF1 
01;SetTFF1 

10; Clear TFF1 

11; Don’t care 

1 ;TFF1 

Invert 

Enable 

0; Inverted 
by 

Timer 0 

TREG2 

PWM Timer 
Register 2 

26H 

- 

(R)/W (Can read double buffer values.) 

Undefined 
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(3) Timer Control (2/4) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

TREG3 

PWM Timer 
Register 3 

27H 

- 

(R)/W (Can read double buffer values.) 

Undefined 

POMOD 

PWMOMODE 

28H 

(Prohibit 

RMW) 

FF2RD 

DB2EN 

PWMOINT 

PWMOM 

T2CLK1 

T2CLK0 

PWM0S1 

PWMOSO 

R 

W 

- 

0 

0 

0 

0 

0 

0 

0 

TFF2 output 
value 

1: Double 
Buffer 
Enable 

0: Overflow 
Interrupt 

1: Compare/ 
Match 
Interrupt 

0:PWM 

Mode 

1: Timer 

Mode 

00: 0P1(fc/4) 

01: 0P4(fc/16) 

10: 0P16(fc/64) 

11: Don’t care 

00:2®-1 

01:2^-1 

10:2®-1 

11 .-Don’t care 

P1M0D 

PWM1 MODE 

29H 

(Prohibit 

RMW) 

FF3RD 

DB3EN 

PWM1INT 

PWM1M 

T3CLK1 

T3CLK0 

PWM1S1 

PWM1S0 

R 

W 

- 

0 

0 

0 

0 

0 

0 

0 

TFF3 output 
value 

1 : Double 
Buffer 
Enable 

0; Overflow 
Interrupt 

1: Compare/ 
Match 
Interrupt 

0;PWM 

Mode 

1: Timer 

Mode 

00: <J) P1(fc/4) 

01:0 P4(fc/16) 

10: 0P16(fc/64) 

11: Don’t care 

00:2®-1 

01:2’’-! 

10:2®-1 

11: Don’t care 

PFFCR 

PWM 

Flip-flop 

Control 

1 

2AH 

~ FF3C1 

FF3C0 

FF3TRG1 

FF3TRG0 

FF2C1 

FF2C0 

FF2TRG1 

FF2TRG0 

W 

R/W 

W 

R/W 

0 

0 

0 

0 

0 

0 

0 

0 

00: Don’t care 
01:SetTFF3 

10: Clear TFF3 

11: Don’t care 

00: Prohibit TFF3 
Inverted 

01: Invert if matched 

10: Set if matched; 

Clear if overflowed 
11: Clear if matched; 
set if overflowed 

00: Don’t care 

01 :SetTFF2 

10: Clear TFF2 

11: Don’t care 

00: Prohibit TFF2 
Inverted 

01: Invert if matched 

10: Set if matched; 

Clear if overflowed 
11: Clear if matched; 
set if overflowed 

TREG4L 

16bit Timer 
Register 4L 

30H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG4H 

16bit Timer 
Register 4H 

31H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG5L 

16bit Timer 
Register 5L 

32H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG5H 

16bit Timer 
Register 5H 

33H 

(Prohibit 

RMW) 

- 

W 

Undefined 

CAP1L 

Capture 
Register 1L 

34H 

- 

R 

Undefined 

CAP1H 

Capture 
Register 1H 

35H 

- 

R 

Undefined 


MCU900-642 Toshiba America electronic components, inc. 








TLCS-900 16-bit Microcontroller 


TMP96C081F 


(3) Timer Control (3/4) 


Symbol 

Name 

Address 


6 

5 

4 

3 

2 

1 

0 

CAP2L 

Capture 
Register 2L 

36H 

- 

R 

Undefined 

CAP2H 

Capture 
Register 2H 

37H 

- 

R 

Undefined 

T4M0D 

16bitTimer4 

Source 

CLK and 
MODE 

38H 

CAP2T5 

EQ5T5 

CAP1IN 

CAP12M1 

CAP12M0 

CLE 

T4CLK1 

T4CLK0 

R/W 

W 

R/W 


0 

0 

0 

0 

0 

0 

0 

0 

TFF5 INVTRG 

0; TRG Disable 

1:TRG Enable 

0: Soft- 
Capture 

1: Don’t care 

Capture Timing 

00: Disabie 

01:T14 T T15 T 
10:T14 t T14 4- 
11:TFF1 T TFF1 1 

1:UC4 

Clear 

Enable 

Source Clock 

00;TI4 

01: 0T1 

10: 0T4 

11:0T16 

T4FFCR 

16bitTimer4 

Flip-flop 

Control 

39H 

TFF5C1 

TFF5C0 

CAP2T4 

CAP1T4 

EQ5T4 

EQ4T4 

TFF4C1 

TFF4C0 

W 

R/W 

W 

0 

0 

0 

0 

0 

0 

0 

0 

00: Invert TFF5 

01 :SetTFF5 

10: Clear TFF5 

11 -.Don’t care 

TFF4 Invert Trigger 

0: Trigger Disable 

1: Trigger Enable 

00: invert TFF4 
01:SetTFF4 

10: Clear TFF4 

11: Don’t care 

T45CR 

T4. T5 Control 

3AH 

- 




PG1T 

PGOT 


DB4EN 

R/W 




R/W 

0 




0 

0 


0 

Fix at “0” 




PG1 shift 
trigger 

0: Timer 0,1 

1: Timer 5 

PGO shift 
trigger 

0: Timer 0,1 

1: Timer 4 

1: Double 

Buffer 

Enable 

TREG6L 

16bit Timer 
Register 6L 

40H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG6H 

16bit Timer 
Register 6FI 

41H 

(Prohibit 

RMW) 

- 

W 

Undefined 

TREG7L 

16bit Timer 
Register 6L 

42H 

(Prohibit 

RMW) 

“ 

w 

Undefined 

TREG7H 

16bit Timer 
Register 6H 

43H 

(Prohibit 

RMW) 

- 

W 

Undefined 
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(3) Tinner Control (4/4) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

CAP3L 

Capture 
Register 3L 

44H 

- 

R 

Undefined 

CAP3H 

Capture 
Register 3H 

45H 

- 

R 

Undefined 

CAP4L 

Capture 
Register 4L 

46H 

- 

R 

Undefined 

CAP4H 

Capture 
Register 4H 

47H 

- 

R 

Undefined 

T5M0D 

16bitTimer5 

Source 

CLKand 

MODE 

48H 



CAP3IN 

CAP34M1 

CAP34M0 

CLE 

T5CLK1 

T5CLK0 



W 

R/W 




0 

0 

0 

0 

0 

0 


0: Soft- 
Capture 

1: Don’t care 

Capture Timing 

00: Disable 

01:T16 t T17 t 
10:T16 t T16 i 

11 :TFF1 t TFF1 i 

1 :UC5 

Clear 

Enable 

Source Clock 

00:TI6 

01: <|>1^ 

10: 0T4 

11:0T16 

T5FFCR 

16bitTimer5 

Flip-flop 

Control 

49H 



CAP4T6 

CAP3T6 

EQ7T6 

EQ6T6 

TFF6C1 

TFF6C0 1 



R/W 

W 



0 

0 

0 

0 

0 

0 


TFF6 Invert Trigger 

0: Trigger Disable 

1 : Trigger Enable 

00; Invert TFF6 
01:SetTFF6 

10: Clear TFF6 

11: Don’t care 


(4) Pattern Generator 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

PGOREG 

PGO Register 

4CH 

(Prohibit 

RMW) 

PG03 

PG02 

PG01 

PGOO 

SA03 

SA02 

SA01 

SAOO 

W 

R/W 

0 

0 

0 

0 

Undefined 

PG1REG 

PG1 Register 

4DH 

(Prohibit 

RMW) 

PG13 

PG12 

PG11 

PG10 

SA13 

SA12 

SA11 

SA10 

W 

R/W 

0 

0 

0 

0 

Undefined 

PG01CR 

PGO, 1 Control 

4EH 

PAT1 

CCW1 

PG1M 

PG1TE 

PATO 

CCWO 

PGOM 

PGOTE 

R/W 

0 

0 

0 

0 

0 

0 

0 

0 

0: 8b!t write 

1; 4bit write 

0; Normal 
Rotation 

1: Reverse 
Rotation 

0: 4bit Step 

1: 8bit Step 

PG1 trigger 

input 

enable 

1: Enable 

0: 8bit write 

1: 4bit write 

0: Normal 
Rotation 

1: Reverse 
Rotation 

0: 4bit Step 

1: 8bit Step 

PGO trigger 

input 

enable 

1: Enable 
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(5) Watch Dog Timer 
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(6) Serial Channel (1/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 

SCOBUF 

Serial 
Channel 0 
Buffer 

50H 

RB7 

TB7 

RB6 

TB6 

RB5 

TBS 

RB4 

TB4 

RB3 

TB3 

RB2 

TB2 

RBI 

TB1 


R (Receiving)/W (Transmission) 

Undefined 

SCOCR 

Serial 
Channel 0 
Control 

51H 

RB8 

EVEN 

PE 

OERR 

PERR 

FERR 

- 

- 

R 

R/W 

R (Cleared to 0 by reading) 

R/W 

0 

0 

0 

0 

0 

0 

0 

0 

Receiving 
data bit 8 

Parity 

0:0dd 

1: Even 

1: Parity 
Enable 

1: Error 

Fix at “0” 


Overrun 

Parity 

Framing 

SCO- 

MOD 

Serial 
Channel 0 
Mode 

52H 

TB8 

CTSE 

RXE 

WU 

SMI 

SMO 

SCI 

SCO 

R/W 

0 

0 

0 

0 

0 

0 

0 

0 

Transmission 
data bit 8 

1:CTS 

Enable 

1: Receive 
Enable 

1: Wake up 
Enable 

00: Unused 

01:UART7bit 

10:UART8bit 

11 :UART9blt 

00: TOO Trigger 

01: Baud rate generator 

10; Internal clock 01 

11: Don’t care 

BROCR 

Baud Rate 
Control 

53H 

- 


BR0CK1 

BROCKO 

BR0S3 

BR0S2 

BR0S1 

BROSO 

R/W 

R/W 

0 


0 

0 

0 

0 

0 

0 

Fix at “0" 


00 

01 

10 

11 

0tO (fc/4) 
0t2 (fc/16) 
0t8 (fc/64) 
^32 (fc/2S6) 

Set frequency divisor 

0~F 

(“1” prohibited) 

SC1BUF 

Serial 
Channel 1 
Buffer 

54H 

RB7 

TB7 

RB6 

TB6 

RB5 

TBS 

RB4 

TB4 

RB3 

TB3 

RB2 

TB2 

RBI 

TB1 

m 

R (Receiving)/W (Transmission) 


Undefined 

SC1CR 

Serial 
Channel 1 
Control 

55H 

RB8 

EVEN 

PE 

OERR 

PERR 

FERR 

SCLKS 

IOC 

R 

R/W 

R (Cleared to 0 by reading) 

R/W 


0 

0 

0 

0 

0 

0 

0 

Receiving 
data bit 8 

Parity 

0; Odd 

1 : Even 

1: Parity 
Enable 

1: Error 

0; 5CLKO 

(_r) 

TO 

1: Input 

SCLK1 pin 

Overrun 

Parity 

Framing 

SC1- 

MOD 

Serial 
Channel 1 
Mode 

56H 

TB8 

- 

RXE 

WU 

SMI 

SMO 

SCI 

SCO 

R/W I 

0 

0 

0 

0 

0 

0 

0 

0 

Transmission 
data bit 8 

Fix at “0” 

1: Receive 
Enable 

1; Wake up 
Enable 

00; I/O Interface 
01:UART7bit 

10 :UART 8-bit 

11 :UART9bit 

00: TOO Trigger 

01: Baud rate generator 

10: Internal clock 01 

11: Don’t care 
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(6) Serial Channel (2/2) 


Symbol 

Name 

Address 

7 

6 

5 

4 

3 

2 

1 

0 




- 


BR1CK1 

BR1CK0 

BR153 

BR152 

BR151 

BR150 




R/W 

R/W 1 

BR1CR 

Baud Rate 

57H 

0 


0 

0 

0 

0 

0 

0 

Control 

Fix at “0" 


00: 0tO (fc/4) 

01: 0t2 (fc/16) 

10; 0t8 (fc/64) 

11 :0t32(fc/256) 

Set frequency divisor 

0~F 

(“1” prohibited) 




- 






0DE1 

ODEO 


Special 








R/W 

ODE 

Open Drain 
Enable 

58H 







0 

0 









1 :P93 
Open-drain 

1: P90 
Open-drain 
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(7) A/D Converter Control (1/2) 


Symbol 

Name 

Address 

7;6i5;4:3^2ii;o 

ADMOD 

A/D 

Converter 

Mode 

Register 

5EH 

EOCF ; ADBF ; REPET j SCAN ; ADCS ADS ; ADCH1 j ADCHO 

R : RW : RAW R/W R/W 

n 

o 

o 

o 

.... 

o 

o 

o 

o 

o 

1 : END ; 1 : BUSY ; 1 : Repeat : 1 : Scan i 1 : Slow :1 : START Analog Input 

Mode i Mode ; Mode! Channel Select 

: Set ; Set : 

ADCH 

A/D 

Control 

Select 

Register 

5FH 

— i — i— — i adch2 

; : ' : 1 ; raw 

i i i i ! : 0 

: i ; ; ; i i0:AN0-3 

:i:an4~5 

AD 

REG04L 

A/D 

Result 

Register 

CH0,4(L) 

60H 

ADR041 i ADR040 i i i ^ 1 i 

R 

Undefined 

Lower 2 bits of AD conversion result for ANO or AN4 are stored. 

AO 

REG04H 

A/D 

Result 

Register 

CH0.4(H) 

61H 

ADR049 i ADR04B ; ADR047 ! ADR046 i ADR045 j ADR044 ; ADR043 i ADR042 

R 

Undefined 

Upper 8 bits of AD conversion result for ANO or AN4 are stored. 

AD 

REG15L 

AD 

Result 

Register 

CH1,5(L) 

62 H 

ADR151 ; ADR150 

R 

Undefined 

Lower 2 bits of AD conversion result for AN 1 or AN5 are stored. 

AD 

REG15H 

AD 

Result 
Register 
CHI, 5(H) 

63 H 

ADR159 i ADR158 i ADR157 : ADR156 ! ADR155 j ADR154 i ADR153 j ADR152 

R 

Undefined 

Upper 8 bits of AD conversion result for AN1 or AN5 are stored. 

AD 

REG2L 

AD 

Result 
Register 
CH2 (L) 

64H 

ADR21 j ADR20 i j i i i i 

R 

Undefined 

Lower 2 bits of AD conversion result for AN2 are stored. 

AD 

REG2H 

AD 

Result 

Register 

CH2(H) 

65H 

ADR29 ; ADR28 j ADR27 I ADR26 ; ADR25 ; ADR24 j ADR23 j ADR22 

R 

Undefined 

Upper 8 bits of AD conversion result for AN2 are stored. 

AD 

REG3L 

A/D 

Result 

Register 

CH3{L) 

66H 

ADR031 i ADR030 1 i i ! ! 1 

R 

Undefined 

Lower 2 bits of AD conversion result for AN3 are stored. 

AD 

REG3H 

A/D 

Result 

Register 

CH3(H) 


ADR039 ; ADR038 i ADR037 ; ADR036 ; ADR035 i ADR034 j ADR033 j ADR032 

R 

67 H 

Undefined 

Upper 8 bits of AD conversion result for AN3 are stored. 
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(8) Interrupt Control (1/2) 


Symbol 

Name 

Address 

rn— 

r~r- 

_5_ 

4 

1—r~ 

I—T- 

1 1 

~~5—1 


INTerrupt 

Enable 

0 6 A/D 


1 INTAD 

INTO 1 

INTE- 

70H 

lADC 

; IADM2 

i IADM1 

lADMO 

IOC 

I0M2 

I0M1 

lOMO 1 

OAD 

(Prohibit 

R/W 

W 

R/W 

L w n 



RMW) 

0 

0 

0 

0 

0 

0 

0 



INTerrupt 

Enable 


INT5 

INT4 1 

INTE45 

71H 

ISC 

I5M2 

I5M1 

I5M0 

I4C 

I4M2 

I4M1 

I4M0 

(Prohibit 

R/W 

W 

R/W 


W 



4« 

RMW) 

0 

0 

0 

0 

0 

0 

0 

0 


INTerrupt 


INT7 

INT6 1 

INTE67 

72 H 

I7C 

I7M2 

I7M1 

I7M0 

I6C 

I6M2 

I6M1 

I6M0 1 

^able 

(Prohibit 

R/W 

W 

R/W 

: w 1 



RMW) 

0 

0 

0 

0 

0 

0 

0 

0 1 


INTerrupt 


INTT1 (Timer 1) 

INTTO (Timer 0) 1 


73 H 

IT1C 

IT1M2 

i IT1M1 

IT1M0 

ITOC 

IT0M2 

i IT0M1 

ITOMO 



(Prohibit 

R/W 


W 


R/W 


W 




RMW) 

0 

0 

0 

0 

0 

0 

0 

0 


INTerrupt 


INTT3 (Timer3/PWM1) 

INTT2 (Timer 2/PWMO) 1 

INTE- 

74H 

IPW1C 

IPW1M2 

; IPW1M1 

IPW1M0 

IPWOC 

IPW0M2 ; IPW0M1 

IPWOMO 1 

PW10 

PWm 1/0 

(Prohibit 

R/W 

W 

RWV 

w 1 


RMW) 

0 

0 

0 

0 

0 

0 

0 

0 1 


INTerrupt 


INTTR5 (TREG5) 

INTTR4(TREG4) 1 


7SH 

IT5C 

IT5M2 

; IT5M1 

IT5M0 

IT4C 

IT4M2 

; IT4M1 

IT4M0 1 

INTET54 

Treg 5/4 

(Prohibit 

R/W 

W 

RW 

w 1 


RMW) 

0 

0 

0 

0 

0 

0 

0 

° 1 


INTerrupt 

Enable 

Treg 7/6 


INTTR7 (TREG7) 

INTTR6(TREG6) 1 

1NTET76 

76H 

IT7C 

IT7M2 

: IT7M1 

IT7M0 

IT6C 

IT6M2 

i IT6M1 

IT6M0 1 

(Prohibit 

R/W 

W 

RAA/ 

W 1 


RMW) 

0 

0 

0 

0 

0 

0 

: 0 

_ 


INTerrupt 

Enable 

Serial 0 


INTTXO 

INTRXO 1 

INTESO 

77H 

ITXOC 

ITX0M2 

: ITX0M1 

ITXOMO 

IRXOC 

IRX0M2 

; IRX0M1 ;■ 

IRXOMO 1 

(Prohibit 

R/W 


W 


R/W 

W 1 


RMW) 

0 

0 

0 

0 

0 

0 

0 

^ 1 


INTerrupt 

Enable 


INTTX1 

INTRX1 1 

INTES1 

78H 

ITX1C 

ITX1M2 

i ITX1M1 i 

ITX1M0 

IRX1C 

IRX1M2 

i IRXIMI i 

IRX1M0 

(Prohibit 

R/W 


W 


RA/V 


W 



Serial 1 

RMW) 

0 

0 

0 

0 

0 

0 

0 : 

0 


INTerrupt 

Enable 

DMAC 1/0 


DMA1 

DMAO 1 

INT- 

79H 

ID1C 

ID1M2 

! ID1M1 

ID1M0 

IDOC 

ID0M2 

i ID0M1 

IDOMO 

DMAO 

(Prohibit 

R/W 

W 

R/W 


W 



RMW) 

0 

0 

0 

0 

0 

0 

i 0 i 

0 


INTerrupt 

Enable 

DMAC 3/2 


DMA3 

DMA2 1 

INT- 

7AH 

ID3C 

ID3M2 

i ID3M1 

ID3M0 

ID2C 

ID2M2 

i ID2M1 

ID2M0 1 

OMAI 

(Prohibit 

R/W 

W 

R/W 

W 1 


RMW) 

0 

0 

0 

0 

0 

0 

0 i 

.1 
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TLCS-900 16-bit Microcontroller 


(8) Interrupt Control (2/2) 


Symbol 

Name 

Address 

_Z_1_6_1_5_ 

4 1 3 1 2 1 1 1 0 

DMAOV 

OMAO 

request 

Vector 

7CH 

(Prohibit 

RMW) 




tfDMAO Start vector 




DMA0V8 i DMA0V7 i DMA0V6 i DMA0V5 i DMA0V4 




W 




0 : 0 : 0 ; 0 i 0 

DMA1V 

DMA1 

request 

Vector 

7DH 

(Prohibit 

RMW) 




//DMA1 start vector 




DMA1V8 1 DMA1V7 ! DMA1V6 I DMA1V5 ! DMA1V4 




W 




0 : 0 : 0 i 0 i 0 

DMA2V 

DMA 2 

request 

Vector 

7EH 

(Prohibit 

RMW) 




4<DMA2 Start vector 




DMA2V8 •: DMA2V7 j DMA2V6 j DMA2V5 j DMA2V4 




W 




0 : 0 : 0 i 0 i 0 

DMA3V 

DMA 3 

request 

Vector 

7FH 

(Prohibit 

RMW) 




i/DMA3 start vector 




DMA3V8 j DMA3V7 i DMA3V6 j DMA3VS | DMA3V4 




W 




0 

0 

0 

0 

0 

IIMC 

Interrupt 

Input 

Mode 

Contorol 

7BH 

(Prohibit 

RMW) 






lOIE 

lOLE 

NMIREE 






W 

W 

W 






0 

0 

0 






1:INTO 
input 
enable 

0: INTO 
edge 
mode 

1:INTO 

level 

mode 

1; Operate 
even at 
NMi rise 
edge 
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(9) Chip Seiect/Wait Controller (1/2) 



■2539 



B6 

B5 

1_M . 

B3 

B2 

B1 

['“■STn 

BOCSL 

BlockO 

CS/WAIT 

Control 

Register 

Low 

68H 

BOE 

BOSYS 

BOCAS 


— 

B0W2 

B0W1 


W 

W 

W 

W 


W 

W 

w 

0 

0 

0 

0 


0 

0 

0 

1: CS/CAS 

Enable 

1: System 
Only 

0: 

/CSO 

1: 

/CASO 

0; 16 bit 

Bus 

1: 8 bit 

Bus 


Wait Control 

000 ; 2 Wait 

001 : 1 Wait 

010; IWait-rn 
oil : OWait 

100: 0-2 Wait 

101 : 0-1 Wait 

110; Reserved 

111 : Reserved 

BOCSH 

BlockO 

CS/WAIT 

Control 

Register 

High 

69H 

B0M3 

B0M2 

B0M1 

BOMO 

B0A3 

B0A2 

B0A1 

BOAO 

W 

W 

W 

W 

W 

W 

W 

w 

0 

0 

0 

0 

0 

0 

0 

0 

Address (A23-A20) Mask Set 

0; Non-Mask 

1 : Mask 

Address (A23~A20) Comparision 

0000: 7F00H~7FFEH 

Other: Compare A23~A20 

BICSL 

Block 1 

CS/WAIT 

Control 

Register 

Low 

6AH 

B1E 

B15YS 

B1CAS 

BIBUS 

— 

81W2 

B1W1 

B1W0 

W 

W 

W 

W 


W 

W 

w 

0 

0 

0 

0 


0 

0 

0 

1; CS/CAS 

Enable 

1: System 
Only 

0; 

/CS1 

1: 

/CAS1 

0: 16 bit 

Bus 

1:8 bit 

Bus 


Wait Control 

000; 2 Wait 

001 : 1 Wait 

010; IWait + n 

Oil : OWait 

100: 0-2 Wait 

101 : 0-1 Wait 

110: Reserved 

111: Reserved 

B1CSH 

Block1 

CSWAIT 

Control 

Register 

High 

6BH 

B1M3 

B1M2 

B1M1 

B1M0 

BIAS 

B1A2 

B1A1 

B1A0 

W 

W 

W 

W 

W 

W 

W 

w 

0 

0 

0 

0 

0 

0 

0 

0 

Address (A23~A20) Mask Set 

0: Non-Mask 

1 : Mask 

Address (A23-'A20) Comparision 

0000; 0080H~7FFFH 

Other: Compare A23~A20 

B2CSL 

Block2 

CSAVAIT 

Control 

Register 

Low 

6CH 

B2E 

B2SYS 

B2CAS 

B2BUS 

— 

B2W2 

B2W1 

B2W0 

W 

W 

W 

W 


W 

W 

W 

1 

0 

0 

0 


0 

0 

0 

1: CS/CAS 

Enable 

1; System 
Only 

0; 

/CS2 

1: 

/CAS2 

0: 16 bit 

Bus 

1:8 bit 

Bus 


Wait Contr 
000: 2\ 
001 ; 1 
010: 1\ 
oil; 0 \ 

100; O- 
101; 0- 
110: Re 
111; Re 

ol 

/Vait 

/Vait 

Wait + n 

Wait 
-2 Wait 
-1 Wait 
served 
served 

B2CSH 

Block2 

CS/WAIT 

Control 

Register 

High 

6DH 

B2M3 

B2M2 

B2M1 

B2M0 

B2A3 

82A2 

B2A1 

B2A0 


W 

W 

W 

W 

W 

W 

W 

W 


0 

0 

0 

0 

0 

0 

0 

0 


Address {A23~A20) Mask Set 

0: Non-Mask 

1 ; Mask 

Address (A23—A20) Comparision 

0000:8000H~3FFFFFH 

Other; Compare A23~A20 
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(9) Chip Seiect/Wait Controller (2/2) 


Symbol 

Name 

Address 

B7 

I B6 

L 

i B4 

B3 

B2 

B1 

Bo' 1 

B3CSL 

Block3 

CS/WAIT 

Control 

Register 

Low 

6EH 


wmsm 

■bklfUdll 


— 



KMZHI 

w 

w 

w 

w 


w 

W 

w 

0 

0 

0 

0 


0 

0 

0 

1:CS/CAS 

Enable 

1: System 
Only 

0: 

/CS3 

1: 

/CAS3 

0: 16 bit 

Bus 

1:8bit 

Bus 


Wait Control 

000: 2 Wait 

001 : 1 Wait 

010: IWait + n 
oil : OWait 

100: 0~2Wait 

101 : 0~1 Wait 

110: Reserved 

111: Reserved 

B3CSH 

Blocks 

CS/WAIT 

Control 

Register 

High 

6FH 

B3M3 

B3M2 

B3M1 

B3M0 

B3A3 

B3A2 

B3A1 

B3A0 

W 

W 

W 

W 

W 

W 

W 

w 

0 

0 

0 

0 

0 

0 

0 

0 

Address (A23~A20) Mask Set 

0: Non-Mask 

1 ; Mask 

Address (A23-^A20) Comparison 

0000 : Address areas are not specified 

Other: Compare A23~A20 

B4C5L 

Block4 

CS/WAIT 

Control 

Register 

Low 

4AH 

B4E 

B4SYS 

B4CAS 

B4BUS 

_ 

B4A2 

B4A1 

B4A0 

W 

W 

W 

W 


W 

W 

W 

0 

0 

0 

0 


0 

0 

0 

1; CS/CAS 

Enable 

1: System 
Only 

0: 

/CS4 

1; 

/CAS4 

0; 16 bit 

Bus 

1:8 bit 

Bus 


Wait Control 

000: 2 Wait 

001 : 1 Wait 

010: IWait-t-n 
oil : OWait 

100: 0-2 Wait 

101 : 0-1 Wait 

110: Reserved 

111: Reserved 

B4CSH 

Block4 

CS/WAIT 

Control 

Register 

High 

4BH 

B4M3 

B4M2 

B4M1 

B4M0 

B4A3 

B4A2 

B4A1 

B4A0 

W 

W 

W 

W 

W 

W 

W 

W 

0 

0 

0 

0 

0 

0 

0 

0 

Address {A23~A20) Mask Set 

0: Non-Mask 

1 : Mask 

Address (A23~A20) Comparison 

0000: Address areas are not specified 

Other: Compare A23—A20 
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6. Port Section Equivalent Circuit Diagram 

• Reading The Circuit Diagram 

Basically, the gate singles written are the same as 
those used for the standard CMOS logic 1C [74HCXX] 
series. 

The dedicated signal is described below. 


STOP: This signal becomes active “1” when the hold mode 
setting register is set to the STOP mode and the CPU 
executes the HALT instruction. When the drive enable 
bit [DRIVE] is set to “T, however, STP remains at “0”. 

• The input protection resistor ranges from several tens of 
ohms to several hundreds of ohms. 


• ADO ~ AD7, ADS ~ 15, AS ~ 15, P2 (A16 - 23, AO ~7) 


vcc 



• RD, WR 


Output Data 


STOP -{>o-J 


0 — 1 ^ 



-□ OUT 


5 


• P32~37, P40~41,P43~44 


vcc 


Output Data 


Output Enable 
STOP 

Input Data 



Input Enable 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-653 











TMP96C081F 


TLCS-900 16>bit Microcontroller 


• P42 (CS2. CAS2) 


vcc 



• P5 (ANO - 5) 



• P87 (INTO) 


vcc 
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P96 (XT1). P97 (XT2) 




Schmitt 
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• WDTOUT 


WDTOUT -[>o-[> 


■Q OUT 


• CLK 



• CSEL, AM8/16 




-Q Input 


• ALE 


vcc 


Output Enable • 





-D OUT 


i” 


ch 
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X1,X2 



VREF, AGND 



TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


MCU900-657 








TMP96C081F 


TLCS-900 16-bit Microcontroller 


7. Guidelines and Restrictions @ Warming-up Counter 


(1) Special Expression 

® Explanation of a built-in I/O register: Register 

Symbol <Bit Symbob 

ex) TRUN <TRUN> - Bit TORUN of Register TRUN 

@ Read, Modify and Write Instruction 

An instruction which CPU executes following by one 
instruction. 

1. CPU reads data of the memory. 

2. CPU modifies the data. 

3. CPU writes the data to the same memory. 

ex1) SET 3, (TRUN) • ■ • set bit3 of TRUN 
ex2) INC1, (1(X)H) • ■ • increment the data of 100H 

• The representative Read, Modify and Write 
Instruction in the TLCS-900 


SET 

imm, mem, 

RES 

imm, 

mem 

CHG 

imm, mem, 

TSET 

imm. 

mem 

INC 

imm, mem. 

DEC 

imm. 

mem 

RLD 

A, mem. 

ADD 

imm, 

reg 


(D 1 state 

One cycle clock divided by 2 oscillation frequency is 
called 1 state 

ex) The case of oscillation frequency is 20MHz 
2/20MHZ = 100ns = 1 state 

(2) Guidelines 

O CESL, AM8/T6 pin 

Fix these pins Vqq or GND unless changing voltage. 
(2) Standby Mode (IDLE1) 


The warming-up counter operates when the STOP 
mode, is released even the system which is used an 
external oscillator. As a result, it takes warming up time 
from inputting the releasing request to outputting the 
system clock. 

@ High Speed [iDMA (DRAM refresh mode) 


When the Bus is released (BUSAK = “0”) for waiting to 
accept the interrupt, DRAM refresh is not performed 
because of the high-speed fiDMA is generated by an 
interrupt. 

(D Programmable Pull Up/Down Resistance 

The programmable pull up/down resistors can be 
selected ON/OFF by program when they are used as 
the input ports. The case of they are used as the out¬ 
put ports, they cannot be selected ON/OFF by pro¬ 
gram. 

(D Bus Releasing Function 

Refer to the “Note about the Bus Release” in 3.5 Func¬ 
tions of Ports because the pin state when the bus is 
released is written. 

® Watch Dog Timer 

The watch dog timer starts operation immediately after 
the reset is released. When the watch dog timer is not 
used, set watch dog timer to disable. 

(D Watch Dog Timer 

When the Bus is released, the watch dog timer cannot 
be operated. 

(D A/D Converter 

The ladder resistor between VREF and AGND pin can 
be cut by program to reduce the power consumption. 
When the standby mode is used, cut by program 
before “HALT” instruction is executed. 

® CPU (High Speed jiDMA) 


When the IDLE1 mode (operates only oscillator) is Only the “LDC cr, r”, “LDC r, cr” instruction can be 

used, set TRUN <PRRUN> to “0” to stop prescaler used to access the control register like transfer source 

before “HALT” instruction is executed. address register (DMASn) in the CPU. 
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